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t i n g ? g i g 
Iafr«p«i Mia E—«» » t g t r > of — > »y«i^tiott 
—t iA t a t t o o wrti <i>m»:Uh> iolgmdloi 
09«o«ro»eoi»ie ijtT«8llgatiflft* doftUmg with alitorptioa 
•Bi ifttlmai«i« MAttoriiig of pliotoao flay ft majfoi* folo ia 
imraif^XliMti tho oouplox oltuotuvo aoA Aynm&t99l trnhxirtismt 
of »«A7 pox^ielo iiyetoaoy s^loeulos ani ov^rstalo. ?IMOO 
ottidioo 9S9Vltft info^aatiofi not oal^r aliomt proeloo otraoturo 
of yairiLotto {soloeoloB ana iaaio ojrotoaa uodor sluir ^ t aJ.00 
•lioiit tlw iifttiiro of foroos that bind tiio vaifloiia atomio aaA 
•oloevdLar uaits in a oomplos i^'etos* Xt le a l l the eoro 
iitj^ortont to roeorA tho vlhratloiaial apaetra sf oueh ayatom 
i» tlui os^atalliiia form vlVh a "rlav to iaTOstigata ohaugaa 
i n tlia aatnro of foreaa balAiat^ •orioua tmita In tho mXl^. 
atato aa oo«9arad from tha gaaaoaa atata and thax^lgf eov* 
sfoljtta thou vith i t a erjataXXina atntetura aad tha efaaatfy 
of tha w^9tmm i t aa l f . 
Tihratioaal frattt«aei«« aarvo aa a aaaaitiva proha ia 
Aotaiftiaiac tha dfaanioal aapaota of aolooaloa la erjratala. 
fha frofaaaoiaat iatoaaltloa aaA haXf vlAtha of tha iatosaaX 
mi$^%m of a aoloaaXo i a a oiyataX di f far fros tha valaaa for 
fpoo aoXoomloa and thoao ohaagoa roflaot tha atroaifth aai 
ifMBatiy vf orjrftalUiio f io l4 . Xa aaaitioa to t&toraaX 
•odoa* tho BOloOttlav gvoajpa ia a ofyatal aogr havo aagaiar 
•aA i i a f l M l T * sotioa* vitl i r*»p««% to f««t of t l i * ]Ml«eaI«» 
im ti lt l«tt l«*> Icaoim ma XiVrfttio&aX maA trtrnwlmtioMkaH 
lstt49« a9dt« r«ap«etiT«ajf, fli« •ptetviO. f«atuy«« of thmm 
»oA«0 art «it ir«3r «9T«RI«A hf th» exyatftUiii* t i « U s «itA 
th9fmt9rm psovid* a mar« 0«^altlv« proba far th* orarvtalXiiM 
fl«lAo» file etitiSy of the «9«rlatioft of tlioso paraa«tora vith 
toAporatisro acd iaotopio aut^atltiaii i a a eartaia aariaa of 
ta^or^&ona ee&pouBaa i a tharefora u a a l ^ to aatabliali tba 
a iretal dy&n^ea OA ona lisud* oM t£ie relatlmiiMp of tha 
apactral foaturaa vit l i tlsui erjrataXUaa f iaMe oa tha othar. 
fiia atttOjr of i&orgaaio ezrataJl hydratae hava aaatxeiai 
graatar inportanea la raaant jraera ai&ea tliajr provlda Talu* 
abia iafozttatloa about lotra^ aai intar* aoXaoitliiap or atonia 
iAtaractioaa Ulca bjrAxi^ gaa-boaAiiig aaA aatal^oiargan ooordl* 
AatiOA at a. fbaaa l&taraotioAa p l i ^ a laaAiiis ro3^ ia tba 
atuAjr of maajr blo-pbyalaal aoA bio«>abaBlaal proaaaaaa asdl 
alaa la datatwlalttC tba prapartlaa aaaoelatad vitb tbaaa 
(qrataaa. km aaak» iavaati«;atioaa on tba by^ratad aincla 
attl9balaa» K^SO^.idlj^ *"^ Aaabla atU.pb&taa» gaiiaral3^ kao«a 
aa tattoft aalta* • | H " ( 8 0 ^ } 2 » « 2 ^ ^^* " ^ 4 * ^> ^^ * ' ^ ' ^^* 
Mttt Ott A fa) bara baa» praaaatai la tba tbaaia* 
tba aaia al« of tba ^raaaat laTaotinatlOA ia to aariy 
a«t a aasparatiira aaalyaia of tba i^aatral data an tbaaa 
•alta* fba iatavaal aai astlavmal. maiim Ylbratioaa f^t SjO^ 
mf^t «B4 t»A Ue*{M^O)^l^*«9mpU% U tiM raaft 4000-50 m*^ 
tii«»ti«9» th» iatMi«itl«« ittft luOf viAtli* of mm 9t thm 
¥aftA« hKf alM iMiB d«t«mia«A oa tbm bssls of t!i« Lortnt-
si«ft dldtfllmtioa •£ t ^ i r ^aad iriiftpvt, fbt way ia uliKili 
til* rwtiamm «eA«s of diff«r«Bt noXoottXar grou^o eoifl flioir 
•pootrtl fofttox*** ore aff«ot«i ^ iootopio subttlttttion, 
tw90jf»«tiro TsrlRtloa, B-bonAlag and Botal^ oxygOA oooMinit^ 
tloa «ro diootttaoA ia tho JLiglit of Icaoifii otsrotaa otamotoro 
aaA gromp tlioorotloal sfialyooo, 0akaoiii otimotitraX paro^ 
tt«t«r« of ooao of tho oalto hm9 h—sk ostiaatod bf taldiig 
tlia eorx^ ftpoMfl&ot of tlioir i^etra i faattdroo vltit tlioao of 
otliov aaXto fesriag voU. oota^llaiioA ovyotaX data. Eaaj of 
i^ lta iaooaeiotaaoioa mn& anoBtalioa ia ttio oiEiatiag %si£ommp>-
tioa oa l^aao aaXto hme iMiaa toliitod oat a&A attttspta luxvo 
!»•«& ffiiafto to raaoTo tlieit* 
fte thoala luM teta aiTSAad lato ais oliajptara* VMrloaa 
aapoata of tM X8 t laaaa apttttroaoofy ipal«va&t to tlio pva* 
aaat iavaatifaiioa lurro laaa tolofljr ravlavai la Olu^tar X, 
k tolaf Aiaaaaaloa liaa aXao %aaa aaAa oa tHa aemal. noAaa 
of TiHyatioa* olaaaiflaatioa of piioaoa aodaa^ eaaaarvmtioa 
Ijwa for 9limioaa ata» aaA H»boaAiB«, flia tvantaaat gkwn 
ia» iMvarart gaaaral aotf iadotaadaat of ttia apaa&fla i^ rataaa 
aliiiiaA. flia appliaatiaaa of thoaa 4iaoaaaloaa ava tha aea* 
aara of Oliaptara IZX» XT and T. 
Ohfti^ t«r IX ooift«ia» th« d«tcils of th« •xptrisumtftl 
tlOA of XR ft RMtn innlvuioats aXeog villi tli* MMRnmeiot 
isv»liro4 ia tho roapoetifo «OA«iuron«a%«« Aa aeoouot haa 
aXao 1»«aa aaAa aboni tha aifapla praparatloa taaliiii<|tta twiag 
aaplayaA in tlia praaaat ifrraatifatioa. 
flia InSmxfA apaetra of traaaitloa aataX aingla tnl* 
phataa K^^^^aSg^* R" « Sit Co* Ca ft Fa l^ ava ba«& Aieeaaaad 
ia diaptar 111, 9ha oiaaaifieatioa of fhoaoa aoAaa oa tha 
^a ia of gs^up tliaoratioal aasOirsla haa lad tta to baliava 
that a fav %aada hava Men wroogljr aaaigned in tba paat ia 
tlia mg%e%mm of CoSQ^ S^Bg^ * ^ * aysaatriaa of SXii^ aad 
Cil"(KgO)^ ]* liara Iwan lovarad in a l l tHa aaXta* fha Unaav 
diatoTtion of S0| froa tiia f^  ayaaatry ia aaxiaan in tha 
0o80^ «7B20« two tjpaa of otmplaxaa [^^(BjjO)^!^, »*> • Co» 
Oa ft ya liara teaa oaafivaad IA tha OoSO^ .TBg^ * 6080^.6820, 
FaSO^ T^HjO ft OaBO^ .SK^ O* 
Oftaptar If daala witli tba apaatral faataraa ariaiag oat 
of tlM pfapagatioa of tHa aptiaaX phoaaaa ia tha {WB^)JI?**^ 
(8O^)2»tt20t !!• • Hi. Oo» Ha, Oa ft fa, Siaoa tba aalta 
aadar ataiy ara aaatfa(qraaatria» a ooaparatiTa atadjr of tba 
Xft ft Baaaa apaetra voald ba aaaaaaavjr to siTo a ooapoaita 
piatara i^a t aiyalal atraetara of tba aalta* fba iafraraft 
apaatfaa of daataratad aalt of (BK )^ 200(80^)2.0120 ^** 
• • lAMl tS OA ^ « W«l« of tt« AllMrv«d iMtOplO i l l i f t * . 
Tim iAt«jaRol«e«l»F ««it9Ujif !»•%«••& 80^* ttmm I A th« 
Iffi^Xi* * mgQ^* mXtB 10 eoaparftHI*. On t2it hmnim of tlio 
MKfarlwm of tlio viatlio of t l » IMAAO 4tto to d i f format etoAoo 
of Hl^ itt A&ffonmt oaltOt tlio oBluunio&loity of tlio foroo 
fioXA of l i i^ Itoo tMoa ootittatoa to lo l o u t in tbo liH^Mft* 
oolt* A good oiailovity botvoon tho o^ootiP* of m^Ui^t 
JiB^ 0o«> 9k liB^ro* oaato aogg^oto thftt ttio 9mlToimmk% i: eo« 
ov&iaotioa of difforoat giemipm i a thoo aro olaioat oaao« 
fho impiiriQaUir aotofBlAod 4-!»0i)A Xongtho &asooi&t«d vitl i 
a Itortiottlar irator n»looa3.o aro quito eloao to tlioeo 
vpovt9A oaiyotaUoirapMcally* m&m tSio t^reo ersratialXo-
0p»phtemli9 iaoqttivaloiit vator roloealos ia tliooo a&lta» 
ItgOIIZ io aymotfloally ooaviiiiatod, Koat of our roaiilta 
ooafim tiMi oraratallo«;rapiao ro^orta on tlio aiNjiro aaid 
aaXta* HovovoTt thoro aooiM aoao iaooaaiatanoir vitb tho 
o^aorvatioasoti HB^Oo^ s^ait 
flw djraaaioa of i&€ ptiaaoa aodoa ia tho Kjlt^CsO^}^* 
M^O lUM ^oa ioaoribod ia CSha^ tor ?• Tbo iatraroA aj»ootyaB 
aaaooiatoA vitli tho Tihratioasl frotaoaoioa of m^ of ICia* 
aalt ia %h» 1200*400 oa*^ rogioa ham hooa foaaA to ho ooa-
aiotoatly i i f foroat froa thooo of othora, Tho i»roaoaeo of 
two ty»oa of 80 *^* ioaa haa hooa vroAletoA ia i t . Tho 
L 
AfttloA Art ««ifftr«tol4i In %h« KVl- 41 ICtt* %«ttom siOlts. 
fiup|li«noy«» 82^*^2^ iat«nBoa«ettX«r «oiipIiia« iti %hftM fwi 
•ftl%» li«T« )i««a f0ttii4 td W ««it* vtftk* fl» bands obMrr«d 
ift tli« r««lda %•!•« aoo mT hwr% \mmA ftMigft«A to %h» 
XibPfttoi^ and trsnalfttofy ao««» 9t dlff«r«iil grottj^ s ia tli* 
esystaXa* £t has ti««a ••t«bli«h«<l thsl tlw lllNrfttofy eod«a 
of n pftrlieidjir grovp AT* iaA«^ad«Bt of tho BOOO of tho 
BoiomiJto i^ opofto tvaaoXatosgr 3^«» «ro nmm dopeadont. 
^hm eo&oXuoion of the work dono \m» boen etrnffierieoA 
in %%9 3^«l Chapter VX* 
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Z tipivts 4««p««% gvstitiiA* and iiia«M«4ii«Mi to mjf 
W99wtwtwsw fmf. B« >• QMBWI foi^  Ills kmm lnt«r»«t, oott** 
twit giiiAwMOt iii¥«liiitei« •agi««tiea»t tttspirstioii saA 
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tbo ooXto. Z «i oXoo grotof^ to Frof* J* Qhrnal^ A«^ «fl»» 
AZlgoHi to dotomiao tho iadloatrlx oxoo of tho oryotaZo. 
Z pogr aj olaooro rogordo to my f«tkor» Sbrl Hathu Eaa 
9ii^ta for Mm oaorifioo, affootioa aad whmt m ovor ^ of 
liio l i fo to oaooaraco and onyport ao to ooapZoto tho work 
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Xodgo tho mrard of ^Ef/siF firos ^lo 0*8»X.1*» ^mt Oo3M« 
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alitdjr of (M^)2l>"(90^)2*tt2^ ^^ * « Hi, Co (»r Kf); 
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Jiaai. Jmjra. ft SoUd stata PHya, Sy«9« India, 2ifti ^^ 9 
(1981). 
^r«MB*« ^t 427 (1982)« 
ia i9it1»l« aulplMitcd? i^ rotf. Iti«l.« H ^ . t ^ U d 0t«tt 
Fiiy«» Slyfip* Zcidlft» j l f t t (1962) • 
9* 7ti9 oxttnuil lAtt iet soaet ia tlugJl* sod doiiM« •iiX«> 
phtdM; Proo* Jael* ?^re* fi iolif i Bt«l« f&jrs* Bfip* 
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1 
CRAffim t 
3^  i f i ft ? f f 11 f i 
fiM i^«i«<i»caMHii«s3l f70 f« r t iM of » ajrvtift of i^itrti* 
«lt« (uro gor«ts«i ly iatof^ « K I latiw^fiiirlloX* iiit«r«iitloiui« 
SiMMi IttttywiliMUi etift !>• of i l f foMtt t sftture «a3 1)6 iiad«r<» 
•toiiA tgr tlMiiifotleia fiM oxfoflisMfttaX ^itttaioa in tho 6jrsi»» 
mlQO of tlioio pmrtiolto. Sf>«otvoo«Ofi« ati^Sofl involTlJB^ 
«i'6teifpti$m 03f oatiiitisii of 9X<s«tirotaiiaii«»tlii smaiistifsjio «« 
vo l l wm sesttvflag » i aifftfiolldA of ^aartleloo C^^tot^Ot 
^a«ots<oiiOt sffati?«ai® «te«| '^§ %tm soit aecRnr^ to mtt&?>ao to 
JUxvootiff^to tlni dfamioo of » igr»tiai of fiistiolos., Hov«iror$ 
t^o iSEfootis^lloao ao&H&i; v l t^ tt1»iioir^«l«m t& iiiSrmm& nmt 
tuo iaolaetie mtmttmnx^ of pHotooo Cl«fii«a oo^ttorlsff) plwy 
o Mojor MHO i« xui«»ritr9ll$af tHo Oism^ Xox otmetttro «ii& 
lifaooiooli t»^icvloiir of mooy'^ ponioXo i«7«tiaui I A noXootaloo 
•oA oiyoloio. flio aiiroail df Ittoov ovs* idiloli io a^lo to 
yvoTiAo • liigMf ooliorottl •oA latonoo iioooolBPOMitlo mtA 
9oX«ilsoA \mm of U # A (liooX for ooottoriag oltiAioo), oaA 
tlM rn^lA otHAoo MoAo l a ^Mto»olootiPio rooovAiof toOli* 
ttifooo* XoA to 0 vottoiooaiioo I A tho f i o H Of SOMA opootvoo* 
oonf vtevoo* dovoloyaoftto of foovior 090otrofli«oto»otoro 
waA Xooor Aiotoo oro iaotrwNa&tol 1& rorlTtaf iotovool i a 
tlM l&igH vooolAtioo otoiloo of o Urgo OMibor of Ofotooo io 
«li« IMP « i MiA fv««a«B«r wgUtm of « M itHvtmi. f^t^n^m 
rnwf* nmw hmw «X%JUiiii«ly l ^ td tlur m#i i imlittHfl* 
fham «tiifli«9 fBar9l4« iafov^ttlon a$it tiijj^ r i ^ ^ t^it 
t m i iiaA9T ilittiSj HaH also ft%Ottt iift« A^tum nf %lui f^vmn 
fdsm mth m iri«w to i»!rosti§ftt« oliiatioo im t l ^ aatixirii of 
tiM forooo lioMiiiii vastomo ^mlto &m t]!Mi «!K»3L£d 3tmt« its 
mm^&T9$ tri tho i5fi»esiia!i «t©t« r«S tho^w?^ <K5fT«lmto tlw* 
t^ulM i l M l f * 1?ii?tli«y, t&o s««f!ltdlit3rAi;*i«i»t tr^aoltioit 
ill m pmetimjklmt noXoo l^iir n^ntan ^ est tosa t^x t^tiaftt (loir/ 
^ i ^ ) Miflsl !M «i(p]4ir«i «f^ . ii!^  mm of ft po^tivo #oofoa«o 
to oiioli o otttiir, 1 ^ wmmmm t<$r tiio OHM ney %• 9ift90i»to« 
to oao ov oovofil aoAoo tooMdjsg oftottfiilo* i.o* > oofl woioo 
ofto* for forsoolootvio tvtoMiti^M* flm mtvOw of iii«f«0Aie 
oiyoloi IqNbPotoo half OOOMMK «vo«tor iayoytioMo im roooo* 
foovo alJMo tlMT nwwUm volafiM* tafofwotios o^ont lAtro** 
otti iotovNioXooiiIov •# atOBio iiit09niotlaoo« I IJHI fi* %08iiac 
itti sotoUoJifiOR oo9Ttiiicrt&o», tliooo ifttoriiotioiio flor a^  
Xooiiof 9010 ia tlM oio«r of ttoi^ %io«iMi|iiiJLoitI m& Ho -
oiMwdool yffooooooo ooft oloo I A dotomiaiac « M yv^Hnrtioo 
iJMl i>f « «Ml»nil «« t i i l i«tt iMonwHiAcft tttlaifetirttllj I f « •*•» 
i«A tf^Mfm 9iwvlA« mihsaiHitm iMmmmimk oa tl»» ttf^or* o f 
totaHjr iisr%@t3!le m%9Mt» ^xm ^^m^^ CV|) 9 f a i$if«» 
is i^si^ ^s' a f ftri:^^ifs3u» msl^ta^^M h-^% %99n wd* ¥f f l i«ititrffI • 
AtmT9i3^ t& Wvim&m^ | 2 | « t ^ g ^ t t i n i ^ o f SQ^e»«f^t« fip«» 
CW|) f r t tMael t f f i a %hi6B9 mX%m rwry iBf^^Mly t o %im i o a i o 
r t A i i of tlM ootlofto* Xt lifte ftXoo teott oetoft Igr fko iaor l » 
nMqr i«i9it»%to tluti tlio lAflBOttoo o f ool toi i o« ^MI tot^UjT 
^TMMtMo ol fotoldj i f f»^it«&ojr ^ MlflyKto svoof i t l ooo 
f o r o o y t l i l o I f tlMi mmih^r o f vator o f o iyolo lXioot ioA 
iBOVOOOOO* 
Vkll« oiq^loyiBC tlM o f foo t o f • a v i o o o tirpoo of i « l « r » 
f»»«|MM||r iMMPMMMt «e»ii<Blt»11y m t i l t i t * it«f«MMI ftf 
(0 «»K •** 0) ummkm* OtMOA Ul h»9 M«i««l«ft tlifrti tlui 
X»%«Biiac Umm th§ wiismUmMM fwvmMAim mA f s iMt %im 
mitm W9^Mm W ^ ^ ^ * clnrttililMC t9mm»n»i^m saft liiowii 
of « p«ti»li«& wAmt m» iafliwMO of i^«l^ l i tn to iT »«tliitt 
MWl aai vl it l i pf i ts %miiai »oi« 1MM %•«• aaiio llf HuHttfl 
If} • •tMi £13 •Hii&AMl m liM«v y«lft%iMi %t»<rtwi Hte^i* 
t i « M a tmwtMoAMm mmmA TOO M M A w^gi9m»mm%mr i i «« 
t«MM w i iaftffvui tiuit ^MiM fr«fiMMi«i«« «rt e<MuiAa«niMar 
M i Stitfffwr ID luar* • ! « • MMMttoi •» t id i M^ot* 8«l« 
f t « 0,14 . 0,11 31 I0*«^ ^ 0.51 , I0-4 y t j ^ 0 , j t 1,1 
•—••» ! •§ %«rfi«p iMiliM T* vitli ^k« t«r i l«Ml atti# fM» 
9% • ! • (lOJ pwfmrrwi to HM tlw ll«0^ vtrvioldJMi f»«q««B0f 
jn^hmr %bm IMI^ (0^ •t«aa» fdr oxrcMi «to« of K|0 ttolooolo} 
IMMA loBctli SA OOOVA for a ooiroXotiMi ultli %lit li%rcliMio2. 
laeio fro4ttoaoio« of wator mo^ looiiXoo itt tlio nonolqNirftted 
ifoeldac C%) i^do froiitioneifto of wster nolooolot sigttiAiit tlio 
aot«l<*oxr€«a (^^*^||^ Mtmt^dfi^ fv^oquoiioioa m^ fatm& th» 
vog^lai; froi|tt«iogf to rtoff noop^ JLiaoMfly* &«]cnipwm mjoS 
atilmuioueiii CtU empitm^Uuii tiio dondj^ nat roXo of »«taX» 
oiyisoa Q09i*iiimtl9a (H«CI^ ) in ttio it%s*wtio«iaCL motion of 
iTAtor ffiolooaloo* 
1^ » prosoat tfe«s4s doisl® v i ta th« iafyawft mie -Xw^im 
•Siootrt^ of 903ar»/»i^X««>@^»tal« of hydratoS slzirlo «iil«> 
l^untoot ^tm^»m2^$ utm^^ea^'^* 0030^*71120, o^m^^m^Ot 
plkfttOOl fl2K"(SK2|)2«6%3 (M* » m^^ Kt n*> m Bit ^$ i^t ^ 
ft t o ) , eoHSOttlr kaoiRi «• tutton OAlto* ftw o^ o^vo aioiitioiioA 
•Mif—MiO ^tfrO iMMm ^OOOA HOOMIOO o f tlMlir « i « 0 0|ll^XiO*» 
tiOAO M fMHil ioom (121 • •t«a«««« ooXi4 v««i»ota&t» C191 
oiA fOtontioJi MitortiOo iA low toM^orotvro voooorolMo (14 # 
I f ] • ltovo«v«r» tlM •iaff1io»/90lf»oi<r«tolo of tiMOO oalto 
mm 1M fvowi oosilf at rooit t«Bp«riitoi*o tgr tlui ola^lo o«i«» 
rsloA aolutioa sotlio4« 
Xt io «o«iroA to otvAr ^« offoot of o«tiono on ruHmm 
a l t * «f vftttf iMi3jtt«l#« Stt ^ i » » •tttsiAwptat v««l«i« iaMw^ 
M t i d M l ikv B«»%0d4ittc lUiA Mit«l*iii|v«A wovtlatetiOA •%•• 
£t luui MiMitm«»tar lNi«A ^«sl%3>« to pi iat mK% it«vt«Ui 
«l»tetf»a«opift o»««nniti9iui tdiiiii «r# luit ooRtittMi witli 
tlktt idoevA efy«i«i<»trixii«tuf« i«iii« s i * f7«iift«ifta» 9»mt 
mmn of t h * iniiBaow^ slfUJStuxwJl ptsemmtu^vm in ^ V M miit t 
hm% %9m> mi&vt ^Ibxmii^ %im tafiyttalt imlati^iis | l i » 2 i l , 
tiontC limits ^cm esrfi«ft eiit in t ^ past im ft vwiy n^l i* 
lat t i f l t miti9» W9r^ 9^% m i fo^ t i mirl^mf* nmm of tltt iaftft 
7«99n«i m tiMi littTiitiifw «f» t i i i t * i«ir»Uft!iift ana ftt«ii&» 
««ft.tt t f tiMI iNkaas i a M P f « « t * f d g i f t • » •StH£)l«» i t SHI|P 
iNi 9»iat«l out tiuit in iMw laMaa •ptttim of t l » ltyis«tfti 
• i a s i t * anft AonHt^Mi^uitMi of t m a t i t i t t i witaa.«ff imm^m^ 
VOfiMI 9O0»4O9 «i*^ to tlM iMPOVtOMO M i OMiMaotiOtt »0«00 
of tlM> OMplOK. fhooo %«iiAo oot«aUr 99W9m ioo to tiM 
U t m t o i r M«oo of votor aoioooloo* km m aottor of f««t 
ovoo tko ggooi tiwoivtiool oBoliroift oorrioi o«l m thooo 
• • I to «ooo oot oooa to »o oonoot. « I M OMlyaio IUMI %OOO 
9orfOMoA ooglootiac tuo yyeoiaoo of vator aoloooloo o l i i * 
ovo oooooiotoi vitli tliooo oa^to giviac ^ o r o l f i * ioowfloto 
9XtmiAfl9m%l9» 9t tdtal. ph»a»A so€^. Hhmm moA Tftrioiis 
sttuat WMNHiIi** iuKv« iNifts 90iiit«i out la MilisAtiunil 9»mp%9m 
m&^ »». ftttts^t hmm h»mi rnwArn to s>ikForl th^ mmwe9kmk»ir» 
smA ooA«&«%«ft% grouy t1i«(iir«ti«fij. moM^f—m iMoli ur« %ftff*A 
3» tiM liitvat wmllAli^i* mrarataLUograiplile iftta on t}i« ab<»v» 
ffitatlou«« salts* 4 «vl%ifml ^isouvslstt oa tii« an«igan)«ii.ts 
of tli« imritms 9iKt9r»wl iMt%X&» modes C^ldv 200 mT ) hwm 
%mmk sads* In %hm Inst eituplRr of t ^ thse^St tb« ottteonts 
of tfeis pTsmmt IttTfisll^iitioia l)«is W^m s^trlsiioS, uc»s« 
»»jgg«stioii8» eamesfs i^ng fuFtlisr sxiisiriminiitB hmrm »lso !>••» 
propoosi i^ddb mm^ 1mA to & iHittsr wsfimrwi%m&S%3&g of tlis 
k %vl9t otttlioe of thm vwietts tOf>io» f«lRfc«a t j ttis 
3rt»ei2rt slt2A|- l^s 1»«<m ^ 'vm* l& this fiii&pt«3r» 
f&s totsi wtm*wf o^ B ^i^» moXoouls scjr ^« »»soeiii%sd 
vith i t s slsstiVBlo* iri%r««ioftJUL end rotstionsl. ssotioAS 
pfovtisfl %hm eoatflteitioii tfus to the tiwMlJitloaiil sotioc 
iitia liswi atoglsotsA. 
flM purs rot«itoMa> si^ootfwi sssooiotod vit l i %tm trsa* 
stt&ons iMvtvooA f«tot i^ui l lovols of o nolooulo apj^ors I A 
tiM !*«•«• 1*10 SB «li«r««s i t s psrs vl^rstioftsl sysotrvn 
dus to tiM trsasitloss 1i«t«»«« •ttoatioael lovols is 
obsonrsi in tHo rsBi^ 10^*10 « • TlM olootvosAs spostMK 
8 
poial«d 0»t timt tMfi elsftBifloiitiaasi i s tms fo^ ^aljr (ii 
sol^emlft usir M« in tte tmt infrtfti region* 
in* iyMy4f«is »f %im wpwstmm i« ^'•fy Hiffimtltf %ette in 
qiiiiXitttlivv aafi QoaRtitfttiT* im^m im« to ita eo«fl««ity» 
fluMW ^•otmi* B9««v«rt tlM i^nti^MiX 9%wus%mm 
•f ttM %wii i» g«My«llt tuMMOkti ill tlM iiqmii phmm nMM 
tlw iAt«ii^l,«o«i«r •ff#et9 mi9k M 4i|M»i««4i|^l# ijitWM«ti««i 
or amlmnSMt a«M«i«tiOA w ««it« ia^r las l . t% i t iMfvai 
tiM ••• to of tiM tiM^s to «i««mMi ^ooo p<tiuit« i » a«ftoil.« 
1.3.3 m f^Tfi^mft? f^^m 
fort* fi*ld s»«tm«i«X C2<ll 
• - I \ * I I ^tj ^ ^ « " V i^* I .at a) 
&i^ lesA to iftatie tl9M «s>ll%tizm (•!%• i^ jrsiP<lt«3r •pMtt«» 
Jj*g). Bi« @ttOoM t« i« eo&t^ia» mil th« orom ^r@Buti%B ot 
to C0rrtlatitm fieM »pHttliif* ?ii« tMM tmm» W^f r^pim^ 
m»M» tlm a«t fore* flsSI i>ot«itifi3. for ity^mmt m^ttm 
^%X9 thm Xftst tvm T^pr^mmtm us itit«x^ «%ji<m iMitvuMft 
•xt«n)aX mrii i2it«Y%ml ooordisiatsa. 
I t I s 99pmrmk^ ftum Wqn* 1.2(a) tluit T in « ftmotlcw 
9f aof&al. ooofAiaittiia U^m For mJim of •iKpHeitjTt T eaa 
1M •xpf««iM4 aa a TtyrHar ax^aaaioo. 
T - T ^ 
I t lat lM«av«r» to bo aoto< tlutl tiM f i ro l aaA ooooaA toffao 
vould •OKlflli d 0(|ttlldllKr&iMi iatofsaoloav ^jUrttnoo* 
10 
flv«t«>ortfltr mp9^rm Art thatrn vbleb mt^ %• •aicflaiii«4 
im t«i»a 0f alBOla hiirtiaalfl anssoaclMfttl^ m of v^ liridfelaBiftl 
m9it* fli« cxi^rcMloii IlKpi. f .^t^)! wfqr ^ r««¥io«a to OIM 
d«8«vlbiiig vimplM hmrmooSue metion (»i2|r i^ «& ^^ <|t a* «%«• 
t«f» Ifi til* ftHoiNi mxpr^miAom. Im r«tttl]i«d« ?d a ^^ o<}€ approxi* 
ndiont 8tio& m ailitisfctitm Iti i«@ll49il »t iciv t«!S»iiratttrft« 
mJ^f0 Q%ime^mif i s g^ 9i«mJ.t thm np^etrm^ f^ ^ t^ lsa asiliiliit 
ordti? «ffect» and ItJr^ A 3Pe»@Asa«s«B «te« 
Cii) ,.3»ooiiftHiyaog giM»ctr» 
t0 a^i«moiile f«rt iia %h» «xpr»»»io& for patimtlal mitrgir 
?t !••« tte fwurtli t«ffB i& S^. 1«2(%)« 3«i^ aiBlUMRiiooitt 
tmmm rmtmXt ia tifaw olMMiwatioa of witltisiiiMiiea 9Xv«««Mi»f 
«ilMM«MBl lA %«BfA wtAtiui «te. TIM iM09iia<msnS«r offoota 
mm&%iMmB ImA to stiwMt^r bwiAa for wiltlphi—n ^fooooooo 
M oifoyoi to tkoao for oiatlo pkmum prooooooot oopo* 
ololljr iPtero oXootriool. oaluunMaioLtioo oro proAoBlJMiit, 
fhio io m ttooooro of tko iiurittooeo i^ iicM^ tlio onrrooai* 
iam lAttioot ia i to 04»ili%rtMi oottfli|iirott«i» oxorlo oa 
n 
MQr te split «a4 tli« laaetiT* f^adfta^utiilB magr b»eoa« iM^iv* 
Tl» •p l i t t lns omBttedi iiui t9 tlit inttfitetiiin of i i i ltx^ 
nuX vilnnKliQii* atrnxsintvA iritli &iftmrmit malmmiXwrn af tti« 
iiaaio tyd*> •xivtiiig l a a imit ae l l of ttm ex7»tal.» I0 
««ill»d fiwetai? g»o«l> ©x* ©un^Xfttiott f l e l t »i»littttig t31J • 
!»• splitf »l&fm th9 patwatlal ^6«rfi;f •sri.il «iff«i» aeeoifiSliig 
«« I I I * iiit»niftl *filtr«tti{>ii« of nifiiliir m0l»crul««t nr^ In 
pliftfli* 01* partlir imt of -^hMm la tlw tuait «#llt A n^otiwiai 
Atnter of A liaaia iwy %• a«sooiat«d iritli ono fttft^ ffissOAtaUL 
Ti%y*tl9A» irihMPO ft io tlio mmhmT of siiiilwr moloetilos im 
%hm MMllo«t/«v f i ln l t iTo unit 9«11. 
A — ^ t f of «iitli*olr aov iM&Ao, aot ••«& ia tlw c«a 
9iMM0 apostva* mf oWoiroi i a tlM low frs«a«Mf sN i^^ oa 
bolov 000 «B t at a fnaiilt of oxtoiaal v i^al ioaa* fiutaa 
oxtanwl TiUMtioao tiro a pv9»mr%j maialar eluupaotoriotia 
of tlM as l l i italoy tlwttili tlMor aro ooaotisaoa ol»aoyvo4 i a 
l i t t t l i a a l i t t iatfioatiaf i to taaiA^eiytilalliaa aatairo. 
12 
ni»99 t i l * iM%mMml9ml»r iMiiiylJLDiE lHitir»«ii IXI]4MIIX«» 
i n • oigrital i » 9tttm wmk oompmfA to tl i* ts^Tmm^Xmmltat 
titm to tH* i^X«eitX«r flolA* An ft eoaM^tiimo* of tli io, «si 
oalMMnMHaio eonj^liog Isotwoeii eztomol. onA iatoimfil TilimtiofiO 
i o Inijmdtieoi* fltio aHoiro tlio ooii%>tJB»ti.&ji %mi&a of Istos^ 
fuO. ooli oxt«pfi«l. mt^itw to m p^onr* 
1«?«7 a»Oiigititaiiial»^f'iia»r*roo ooUttiani 
Fitrtlurr Oj^littiag of %h9 M»* plmoo f^iiA«ss«atal vl^im* 
tlOA 0 ^ rofiiait duo to ttm 1mm TGO^ oloetfosts^io foreo 
l a tlio o r y i t ^ t&at eaa JbOsiS to loixi;it^im%l*tretiiinf@i'»o 
•put t ing 1523« rboTt raugo farooo etaa 1mA to siiipotro.^ 
of fdie*oe ooaatRiito eamsiiii; f I f feroat f!r*%«i«ae!«o for ^if* 
foroat oi^stftl dlrootloaa* A Tsviotjr of alxofl ao^os, whom 
fro^oAor ^opoaAo aiMMi tiio 8B0«nt of aiidaf» soar ooour. 
flM olootvootatio tovmm tarn offootiTo oaXy i a tiMi 
pt^am otgrotaJUi hmnrng a» ooatfo of lyaaotfar* Baood oa 
afiiaao»iailia»foUov {Wi) volatioa C993» tiMOo forooo l i f t 
Um «to«o«>foli iofOMMi^ of tlio ZK aotl^fo o^tioaX plumtm 
•oioa into tao twmmm^m oaA « • • iato aaafltwliaa], broMrtMa* 
t iaa* tho olao^PiaaffBotio iwpoa a»o traaoforao i a smtas^t 
tlMf aiaaat iatovaot witii XoikcitaAiaal flwaono ia on ia * 
f i a i to Offatal* flio lancitaiiaal, optioal. ao4o firofaoair 
ia» Hiivofoffa* iaaotiira ia tlM iafvavoi liNwiftioa opootava* 
13 
flM %wmm9mfm ojrtlcal m^—f «n tlw otlMir liaat, K M 9w%t^ 
mtomm ^^pmnSi on i ts «miw «M %iif> fi«itmr» of «otlcm* 
Ciii) For i£it®m®X sM«s of iriln^i^ftt ^^ -^  tHa iiEt(Mi» i»«iiifV9 
tioa of t&o i ^ t w »» si n^lo tnlcoo pX'^ i^ * 
<*$ (aiailll.tillift» i f i tni l . if^fi ttl fItinaign 
flio fyo^wmy o^ooti'm of tko anoX^ Mr sotioii la m 
•ollA OCA iNi dttomiaoA tgr «o«i^r«iatiiic t M o2j«iiiail oqaa* 
ti«Mi of Mottift for tte loitioo poiato «BA oUtAiatnc tfeo 
YitoiilftOMdl f f o t i w o t f olOMP • • tiM !hi C» • oMibor of 
yortioloo i« o mA% ooH) root* of tko OOOAIKP otiuitiom 
lamOivioi tte vwro voolor > f ^ vio^oli «ar t*te I lafloiiOK* 
A«i« Tolwoot * lMia« tii« — ! • > «f iftit ooUo in f 1M idMlo 
«ry«%ol« fhroo of tliooo »oot« opftoooitt aoro M tiM vwro 
vootor tottio to 00*0 (k «-^  e) nA ooftotitrnto ^ o ooowotio 
14 
IMPMMIM** A M nwaiaittf %i^ »9 toots MHioelfttti v i t l i • unit 
l imits «• tfett v»r« ••etd:pt >c* ir«iiitf»«» flMiM eonttitutt 
t l i * ftuiiMMHiitiJL irilwvtioaal apcstrtta of tBo ovyoloi* 
^or tlio opti^KX iHpan^ at k • 0« tlio SIOKO <vi%nito 
agiilaol oao^ ctlior Imt t&oir ooiitvo of fsaoo io fixoA* Xf 
tlio t«o atoao mtrrf oppooito otoifnoo* m9 nsr t i ^ i to m 
tBOtion of t M « typo iritii t ^ oloetilo f i o l i of o i i ^ t 
wMrOf to t&et t&o ^« i« i i io o^lloA tlio opt l^d l^maoH, Xa 
tbo ooouotioal <ti^xmtio&t tlio otomo aM tlioir eoatYo of 
maeo msvo togotiior ma in loiig «sfol«agtli aeottotio^S. vi%ro^ 
In tbo loas vii?rol«3!igtii 34iiiit (VBail k)«t l io tvo ro'tto 
of tlui ooottlar oquatiott for «i« <lisM«icmol diatmile i i »^ 
•iaiXor otoMio iiaoor iat t ieo orot 
^ " i f e^^^ Oftiool %r«mii 
u 
V 
p • Jfirt • m i K MPS tlM MUMOO of %w Aio»olaii«r 
f i • foroo oottOtMt* 
15 
Xt is tuft* «V&€MI« f^ NM tk« avoirs •XI»I^««1<»MI tliai 
firtftttnty v aiii t ^ ««r« Tecrter ]^ foy ths two ismtotMi* «r« 
i ^ m ia 7i«* 1«l* 
t m 0«t«go]!ltst ( i ) ixIsriiAl. Siai Cn} XntofiMl. flu> ri«i6 
iKNtjr adtiottS of tilt iMlOQtkiMP gf«m^ la a etyctid r«lmttir» 
to Oia« iuB0tli*:r giv« piM to t ^ «ic%«f»iil. ^OSMI I M ^ aff* 
8l»o looom mm Imtttm intHfationa* t^ «gr i»^ ttxr^Mt aiviiaS 
ialo tmrnalatafy aad t^tOtQVf tfpaa, Tmnaaatoxgr soAwi 
iiivi»£f« triaislfttiQiM of ^to iisolofml.ftr i,iN>tt]^ o mn^ ®Xm of 
^i« varlotto atoiio uMi^ IIIEW i islif l#uil iiMi«it]r# :!ota*» 
tio&«l or lilHmtefy noftoo ianrolvo tttft«l*rot«ti3ii of tlio 
noXoottlKT gro«f»o m\tmk% tlMt,r ottatroo of grarity i^ siA ttiovo» 
fovo votuiro ^o 9voooaoo of « ^Xr^istOBio irroui^  ia tlM 
Qgyotol* lltooo •JilHMlJUmi sm p^tllno ia^Ftiint daoo tliosf 
•to otffoagl^ tmfliioaooi I r tko iatog—olooolor ^rooo* 
e» tko otiMMr boBi> tiM •llvoiioao offioiac tfiiofljr fffwi 
tlM oooiUatiOMi of tlio aftoMi «ilik>la a poSy^dosio i?roik9» 
lio^iat tlMi ooslvo of iPCVitr of tlM aiolooaio ao otatioaaffr* 
aro toittot ao islonuUl •Umilioao* Aa %hm fovooo aaoac t M 
iffoato aio vaaaiajT ooaiair tlMa tlwoo of tlM atooui «itlii» m 
16 
fEU«« lox ^ « m i ^ Wi l l * of i n * li£tM«» «r« i a tlM 
aiMilial. • f t l M l iB«id«9 at tiMr e«iitv« of %h» in3ll.i>uiii msm$ 
Vbm iyiiMtyar elmMiif&ttfttioii of thm k «« 0 noats of irl^v** 
ti«ft Anttf t%i(f«f9V«» iNi fiOiaBtj?ii«it«A 1 ^ ^alciae into Qoa«i«» 
4Mr«Hoii tHo fiietor ipranp of ti»» oyyottta.* iniiltiiia of tiM 
•atijro Of^0 S^ o^o^  C5$l • fvo oiitflo notii^o osro goaonOly 
ttood to o2,»iooify^  tli» aoviefil moioo of iril»%tioa MM tteo 
Oi*3rll«OA« 
Ibio BOIIMA WOO dorolof <^ for %Tm t l ro t tieo tigr 
3aiof«r«aiMi tm$. tmoJkmtwetiipaivk tJli tm& htm pToimA to IMI 
•0V3f ttOOfllX foV tlMI OSjlOOl£iOi^ liOtt of phOBOtt WSt&tttf $M 
ilffttroail otyolo^Lo t9S<*40l • lam irtomi l a tlM luiit ooiit 
iB tliio «i^9f«iKia«tioa» wm ooa^^loroA so • lavio aiolooitlor 
m i t oitli t io oooMftlOA tlMl «l«io or «oloo«Xoo at oqttlv** 
iMi i Xottioo iooitiottO opo iB tto own ototo of motion 
iMftiir »o ^Moo iiffofwioo* 
fimm ttkt o»fvoooli oou&oto i » fioAioc tlw to ta l 
Ohorooter yo»vooa»totioB f^r tiM volt ooll foUowtng tlM 
17 
09«r«H<Mi Hy ^ i« tiM aagl* tff «ot«ll9»« po»l%tT« «&« 
Ci4«atity nsid ii^foM rotatloa} ma for ts^vop*!' pot^tids 
BMI tUmfmtmm of Mwnttio tiwiolJdoigr Yi^i^nono 
C^ )^ t opnotl tiraiui3Uitox3r iri^iwtioii* (t^ )^ mA UliriKtoxir 
Yltoatiooo (1) aro totoimiJiiii I9 fioliig ttto foHovitm fs»f^  
IIBai34IMil 
a ( t ^ ) • Ci^ CaJ • 11 C1I * aooii^), 1.5 
X ( l ) • Sg(9) (lt2eoi^^} f .« 
vfaoro ^Hl^ *) ""^ ' ' l^^^ *** ^ ^ »ni%«r of otyuotiurol {i^e«io 
wmM folyxHi^ ovio botli) aai poajr»«IOBi« «PMi9« rootootiiFolft 
w iU t t i B«i» t«f» ooottollo Ytl9P«lloao knvo boMi osolwloi* 
M%lvo«lii« tiio totol «rMwX«ioi>r (ooouOoiio • oi>%l««2.) HIA 
90t«lo«y €U%t«li>iy} aoAoo f»Mi flM total «B%or of ylioaoa 
18 
ffm mmtmw of atodM li»lg<^glag ^ Alttwtme^ %ww of 
fNipy«9«ttt«ll«ii» ttftlQC tim fQmmlm {941 
X|(E> i« tlHi iiik r^sbetor f^T thm $%h elsam of o»oi*iitioii» (E) 
tm tlw rodia«ill3Lo rt^roooattttlcms Xj(%) i s tl^ o obaraotor for 
tlio oorf«op<»iiiia@ opox^imo t& tHo im^nei^ilo ropi*o«oislap-
tiottf Oj io tho mttilMHr of WP^m o^mn^tmm oontsisiwS in t ^ 
|tli OIAOO not h io thm Of€oT of tho n^ rvm^  of w^^msmt^ 
opoirotiott* flto omi M.m \mmk tekmu ovor «11 t&o OISIINMIO (1) 
in tlio pHAt WNmpm 
^•'*^ W i ifffif Hil i f i t i i 
tm tli&o MuOyoiOt ortgtwolly doroli^^ I f lu l for i (413 • 
tio otloao ooi soioo«].oo otfeMir %!»» tli# OMO onM4«o«oi» •!« 
fVoiWHti to %o ia tlMiv oq«ili%viiM ^oitiMio* UmmUi 1481 
•00—It tHot Sloool potontioio «ro MdUOir yoyooolMo for 
tho «fM»ioo Of oooo •i/yo>|r>*i»o»io « r o i ^ ta « » orrotolo* 
ROt tlwroforo* oUoMfloi tiM aonool iioAoo of tlio solooaJior 
iMMip «iior ooMiioroiioa ioto tlio ofiooioo of loool ifwwtry 
polUit §*•«»• ly ooovoloiiai tlo nyoaolffi oyooioo of t te froo 
19 
••l^caOttr gVM9 to t^ Md of «li« le«fil mwMitiT 9«ittt fwvv* 
fia.9 ••MMMkp tlnui» litipLitftd tlM ivl«vaflltMi %«t«««i Aif* 
#•9^11 gf«Mi9# ti l ^ » « n » lo^t m^* ^»m^m 1^1 f^tftHwr 
IMf IM oMaiJUt ^ tticiBf «3J. ^ M l M « 9«<96ttel« of 090X«» 
tioiio ooatoiaoA i s tHo irsrloiio olto «fOiqi>»* 4 eonPol«l(iott 
aoooHplliiioi If 9imp93PiMi$t %h» mhMOtwotkmt t&HIo of tho oito 
i;y@«p idit)i tkwik of tHo unit oo l l eimv»* 
f&io 6ft»37'«i« pfovidoo OBJjT psrt iol i»fovci«tlan mlMul 
es^rotsl, fli^oetvft oiig^o eorrolotioii f i o M oonpoacats aoA 
oxtoziwl mdoo aoro not oan^iovoft* fhm ^laxlsseioa I>»H» 
foit ioo of tlio dif f irost aoioo of irilnnKliMk oisiaot 1m esl* 
mtlntod tgr vMa0 thM^tt tooliaiistto «loito« Bovotwr, i t to l lo 
WB ifliiObt i f « i f t of t i l * iogmMiroto intonuil. aoioo of tiio 
froo asioottio v i i l ^ooao aon^iofoaoviEto M I • voanit of 
^M iowor loool. ^ranotigr of t t e i«ioo«io ia ^lo ofyoto^. 
HMNMMMI 909 tiMI ^pMWtiWNl iHltVOtiOMI Of OiOOtiO WfOO 
i » ooliio t5l l • flMT m iiffMNHit fyoB tlio vi^mitioao of 
O aOlyOOIlCUl %M Xi<|Oi# m l WtS^WW llhOOOO iM tiMI OOftOO tlkOt 
for t io omitoA aoAoo 9i TiWrntioat %hm iiotttflnmoo iaotooi 
of o i t t f iMi to o oiftflo aoiooolo fiofogotoo i » o i l Aivoo* 
20 
XMws Us i4«»li«jr to ft I f t i ^ ftjUwit iftftiift «li« M U A nitftv* 
i t ift AvsigttfttftA Aft pboiUNi. I^ ft oo««««t iM««ntw ftf m 
jlifiatA Cox" jli#tfta) itttB %• •a^wftfti &a tvma of vmr* vvoto^ r 
i[ (ftr k) ftft liqf(oy hi) • flM follo«iJ>« «oaMvmtio» Imm 
of iratrft Tftetov «BA momtgar ^ ^ i^ oA for i^ bonrnM* 
h ^ • 1 ±hVM t.to 
«ili9yft li^ i» ti l* msw ir«Qtor of t&e iii^avmt iitoot<»i» &w^  ia 
t&e «iiftir^ df %hm $Me^mk% pimtQ»$ <S^  i« th» men v«etor 
e^rrtftpiiidijic to ^m $%h p^tmsmt i^ j^ i * tlift oaof^ crorrM* 
^o&siAi to tko 4tk ^liMo&t a i» t^o »reii?fo^i^ iAtuo« r^oo* 
tox* ma ft is aa lsto««p. i^ooltito C-Hro) mA ii^«liTO C*"**) 
•IgftO iailoftto tiM oaioolQB fiebS ft^oovftioft fi^oooMOt x^** 
9oetiiro3jr* siooo k^  • 0 for IB jpiwtottOt «• f i t 
1.M #- |lt| 
for ft ftiaglo plMttOA yiooooot § Iwo to lio oovo. OWtvuS^^ 
k • iL • 0 an MMii m frooooo wmlA ooooer «l tko ooatvo of 
BHUoolft oofto. Oft tko otkor koa<» t9r aftltlpkiftw pvooooooo 
B^ t^» 4^ ***f tko ykonwio i«rol.-voi oagr kovo flftito vwo 
vootoiw. ffkwPofiBVOt ^ ootvft too to wULtiykoftOft fvooooooo 
OSPOf MM jpHMNUkir OOfttiftftOftOI OMUI OtVOOtoVO SO|f 00 OwNNfOOO 
too to olftjolftTittoo la tko ttoyovoloft oorvoo* 
21 
A aj^mmmti9 stttlf ^f iiif»«i«A (11) •kawv^timi wm 
m9A9 tw Htm f i r d Um %r €»lil«Bts C4S} i » 1909* iUoi 
rotfiHoa sputflv* VMI iatf*oi«o«A %f %$mrrat f44J i n 1^14* 
BiUie» t!i«B» ft aam'kmw of tliaoiPiiliMa moA ^n^mPiMmsMml 6tiiiAi«ft 
&anr» l>9«i!i msA9 im %hX» salij«et {491 # 
l«£yitircS ftlMKifptlciii plwaiiia«xMMi i s m &impl9 aiiHNst 
^itri jr cw tUsm ^hoitomm that «3cel%«d i t * Im. amM mk s^tos^* 
afttia IwMi of ijiel4«at p^t&tm liar tlra dcstmetloB of I^mtotaft 
m i (HPtttlifta 9f p}m&sm»% ?9 a firtsi i^froxli^tloiit i t 
oowuNi tiiV9ii|^ okmstii in «l9eti^« Mip^Xm mam^t Cv^) 9t tlM 
a»Xo«iilftr wi i t itaAlnc t# i t « •xoitvl ioa to A M ^ « r •tuattar 
t e i a f of i i # « y orior* ae&a m««&«tlo mmm^m «t««f bovovov* 
tli» •>00f»ttwi• tlowwMfc MMii iatoriMliOA ift gvnKnOJjr foi^ii 
to %o oogMft^ly oooH. attjuNi tlio fy««iio«oi«o of irtterotloft 
i » aoloooloo ooi ooiiAo mAek vlt i i tiM tootwr of XS ^Mtotto, 
iiVOVtMit i«fOMMiio» oioiil tiio Milwro of yitewtiono l a 
tHooo iroloao aigr %o ooUjMtoA fioa iafsr«roft aoaoupoaoato* 
z o 
Eftttn U t ] in I9M« I t fafkmm frm tli« imamtiiME Aipol* 
mott«ftt ifidttotdi i n » i|rvt«e hf tht •l««troii4NPk«tio f i « M of 
iii«iAtiit '}l««tf«ifltiMtie raAlai&oft t ^ &mte« i t i s fmArn^ 
m«tactftllar aiffwpcsl fipom IR A^aorptioa* ^^miv^vfK ®^ 
liftaA«l«tHi C48J ai«eof«ip«d vtidlar I»IM»IMM««HI i& tiK*rts> 
cuift sii«f98ft«A tlmt i t ini« QMIUNKI 1^ a»i9til»tion of tlio 
susooptiMllty or po2jiris«^ilitjr of tho moaiiia ^ the 
iii;Stico vibTfiticmo* tlio |ib«aoat«si<»i vae froJUfl lloou:i«;2t«d aaA 
•i^Saixiod IQT tiaosek C493 iA 1934* Xlio m^ttm^ TmAtAttaum 
imieZMXm^ HagrXoi^ i oeattoxlji^) aro f&im& to Imnro ff»«(|it^ 
eio« lovor m^ M^v thtm %hm fvotitoiMtr of inoidosit i i ^ t 
(s^iot io i i ) * fHo ftiOBonffiitm Im ^ o fo«m«r Ofteo i s lunsini im 
stoiEoo Mmum ooottoiriiig iiliiXo i& tlio iat tor enim nm »ttti«> 
StOKOO nJUMA OOflttOFiJI^ * 
Cli|i^) M i ) ovo tlui mnro Tootoro for t ^ iaoidotti pl»%mkf 
Mottoroi f l o t w M A i^MttOttt roopootivoay^t thoa tho ooftoor* 
irotioft Imm for oaoror anfl mmum^vm km Hotn tlMi iftoiootio 
Mtmtm oo«ltovi«t ytooooooo (itotoo oaa flttti««toi$«o) »^r ^ 
f^ ^NNI IQT tlw foJUUMiiaC pfOOOM* 
iitfwiiftii iliiMililiMftJBBMSMMI* 
23 
i a •««& eati^etokfts «(mtt«iPiAg fifoeass. fit* •rtetor dingnae 
for t^o ooiUMm^i^ii of iss^o^atas aiia «»*i^i3r i n t ^ s%olc9« 
;ii98iii gteiKtttidag l e tlhmm i& Fi t*^*^* 
She diitail«A ^Hrlta&iMi of Eaitiai c^«tt«?isie 1^ »« ^o«i 
lMi« tr*ftt«« ttam iatvimotiiiii l»«tir»im •l»«$f<»8ifiMp«titt -m^lm" 
t i o a (9lii»t«ii) imd «l»etrQitie iM>i«ri«ftliilltf i^HMmmo) Igr 
i»l»i»«Mlac ft %wm ftjig i n «ii« l i«ii i it«ii««i aafi h«» <^s«tdtf«i 
•ft i f t t tnMilft t f t Yiytftfti pvomwm t9 fti^lJiia %im ifttftrftOtiMt 
Vit i l iiMMMM* fhft BftMA Uftft ftftrMftpMitftg i d t l f t t n » « i » 
tifttt f»«ft t iM i f t i t i f t i IftTfti i to ^ f t fittft:i 2«nr«i f of tiM 
«yftl«B otft 99§m» oftljr «ta«ft ^ M V O ift wm ifttotiMiAiftto i o f o i 
W CftXftO Oftlioi tlio •irtttoX iovoi) u l i i ^ o«ft oo«Btoloo tritli i 
•BA f ift i^iftovftiMi or oi^oftioA* I f tlioro io ao oaoli 
isloffKOiioio oiftlo r at o i l * i t e oovro^peo^ifti trftaoit iaa 
i •—^ f i » tmmkUm i « a«MR Wl * h&mm C90I eoftftidoroi 
24 
of 9%»«%inm»h»Xm 9«iT». fiit «^etvoft of tli« «l«otfoai»>bolo 
pair ! • ooaaiioroi f d s&tonMt i*t1^ t ^ i^^ ^ott i&^smAw&iMfu 
tli«r«lqr» ft %•?• Eg|^  In i t s Howiltteniflii to ox^lalm mm Umma, 
TiroooMi* Attoof^iif to tlio prooofit thooyj^ «looti'^i»liOlo 
pair i s vo^voe^fitsd ^ tlio oxoitoa psiert of tfot pol»rltoa 
iMoli Im tiso eoo^loi p{»itai£»i^ hcifiOii «xoit«tlj» 13^,531* Its 
6ooeri|»tiQii iras iiitx«duoo6 for tlMi first tiso % Otim&wt 
tS4>$$] «Qid imo oxtoiiSoS % Ftttftiiitoiai ot al* I5<U »^ Kills 
mi^  Bvpfustei^ C57I wlio ^lno a^oiiorod i t s o^ntritiutloii to 
tlio irispti^l iiitswiotiato statte for tm :»itioius t^Q& vulanoo 
to thm eosif^ iiotioii 1^ »i0* 
lialxt osn. ^ ftoc^crplit&ei m^ %i aiismoriaoa in, %3*ief as 
foUovs* 
flM s««ttorini oigrstsl i s goftorttlljr ift i t s olsetronio 
gromA stftto vitli s l l wmXmmm hmAm fa l l m& nil «oxi4iist«as« 
HftffiOs s i ^ y St til* stsrt of ^ 0 sesttsrist jproosss sefi i t 
rotwm to i t s olostrosis frovsA ststo «t tlw SBA of tiui 
•vsai. rif. 1*9(s) siMvs s assiisaiss ia iritil^ tlis rsAistiss 
ssttsss s •iftttsl sasitstioa of sa olootrmi fros s •slsaos 
%mA to s SMaAsstios ^sed of tfao oiystsl* fho ossitoA 
slostiwi i s rsprsssatot Iqr s #*siM« lias vitii i t s srrov 
Aivsstsi ts t ^ Isft , ss4 tte aissiai slsstiwi sr lisls in 
25 
eottlHuva «• tii« •JLffetroa ic i^ai^ tt to the vul^aet ftaad iiliii 
•BisAioA of « t^ioaoA •!» %im •J.»etirott*lAttio« l&t»r»eti9a. 
Tliie praei^mm i s #£|>X«Sja«ft It^ r t ^ A pari of tli« T!ieill«0iii«ii, 
J 
LeT% k r«f#r» for tii« v«ct9r ^twattal of th« fl#U mS 1?j 
poiMeSi out %tttit thB OQiitxlbatiOfi ot tMs t^ivm i«« isi niti^* 
m l , vttrs s^ nH.* Fig. I^ ^Clt) apf>px*«te£it0 eo^tktr eeattsrl^ 
««e«ftiaai«i ia nfeioii tti«ro eT© tlap«« vlrtaal tla«tTOui« trmst^ 
ttttiDAS aoe$^p«tii«4l r«fi|}«tti'v«l^« %gr «i1>9d?ptia» at mk 
iMOlime^ plioteiif nrvstioja df eaa erlie 9^»um msS m&X&9i^n 
df ft aea%%«r4NI pliotoii. flit t^x^« intcmoti^as ei^ oeimr 
in ttoar ori«rt siviAC • total of six ftiailiir Qlmgrmm* Xu 
rnmBSa of ^ooo* tHo first iatOPMtiott oxoitoo «ii (»l«etro»» 
liol* pmUtf %hm Mooai iatovftotimi Miiooa a trwu^tion of ttoo 
olootvift or Mlo to ft Aifforoai otftto* oaa tlM final iator«> 
•fttioa ift aoooMpftaioi i f wooaHaalioa of tlio oloetvoa ani 
tola, fidio ooattoilac aooiMuiai i« ooatillNitod Iqr tlio A«f 
port of tlM HoiAltOBiaR, «lwvo i^ j io %hm aoaoaiiai os>ot«tor 
aaaoeiatoA vitli tiM ItH olaotfwa* i t aokoo ^ fmr %hm 
26 
ajkTCMt •tttttniNttloia to ttui em99»^m^i.9nm for %hm mwtml 
Eiiaaa •wittoriaf • 
A» A2.iovoli trttasitiott Wtimoii f aed & «titt«» ! • 
&ofiiiti I f tkm mi^tk'^mt^ •ft3jQ# of t l i* smtrlx ol^netat H^ i^  
itflaoA At, 
with tlie igrstiss* In #^i:i«i»iil. I t 1,8 i i f f i i m l t ta fiad tmt 
%im 9i|;«& ftinotio..s C /'^i of & i!^w%9m m^ hmm® th» ei«apii«> 
tis^® of K^* ('wop theos»@tlc©I !ii®tlio«« far®, tJfetiirisfesrot 
liir»ria1ily uiMift to 2>3P»0iist tiw imt^v^ of t ^ tma®itlott 
iixroliroa, St le»S» to t ^ fm% thmt %}m IxttOinuciA of i(|a* 
1«I7 otioitliai Iw total2|r iifiAotxle ^tirrotposi^ijag ts mil ^ o 
t!3faaMtiy o^orntioiio aMoelatwl iritis tlie poiat group of tlio 
^r«t«i *BA oalf tlioft for iu»A*4ioro valuoo of K^ i^  ymmM rooolt 
looAiac to ft traft«itl,9» »otirooii f * i ototoo* 
flM igrMMitff foftMNIm Bodoo of • froo aoloovlsr vmk% 
M f i#90«r jUi tiMi ^ • • t rm of ooUtfo Hooouoo of tlio diotor^ 
t i o M fta tlM i f otrjr of tuooo w i t o . fim tstonoitir of 
9mm • • € • • o«K« tlwroforof ^ uood mo on ostUmto to 
VUBt i l^ wmtk d4«tort&o»« or Yloo«voriift* I f tho diotortioMi 
•TO MMilf Wlo toMwiM oliMont H ^ (Wtm* U17) voiOd bo 
21 
AlBoiil ••f<(i for t l i tM w^m^ aai tht —rrtipoaflint IWHIA vtttl i 
IM if«ak» lA • « • • • f lav i t 4i«loytlaMf tlM ^iaic MP* • » • 
f«et«d to %• tlfoac* 
i a th» traatitioA «cMi«nt ifKl«gr«l, 
vhifvo $ ia tho dtjpolo wmmSi in tlio «i«0titHilo gupoioii «!&%• 
«ii& Vf ^ y^ ^^^ ^^0 iriHimtioiiftl. oicttEi ftmetloao for tlio 
fltt ia » « is i t l s l . 8t«too<^ 0iooo 1^  i c ft o^aeo •ootor* tlw 
px^tdst of tlio fiT-i^otfT i^ >oeioo of Vf ^ / i , «ho«UlA 1»o tlio 
•caio «• tStftt of MBjr ecaipcmwsl v* y or s of ttio Yootor 1^  for 
HA ftXlovoA trmolt ioa* 
Br rooolTiaff %%m dipoXo sonosl into tlumo eonpoatato 
ift tko x» f «»i ft dirootiottOy «o oMala 
Ift tlM oviat of msg ono of tkooo iAlOif«2.o %«UBff non-oofOt 
flM •oinftl irilMi&ott Moooiftloi v i tk QK«O«M ^ iafroroi 
•ot&iro* 
28 
«.9«8 l i t i i . i f i i f f f i a g 
t i l o «i9»JUi MUM* f «• «!• i^«fit « i« ft tMoaA rmM tmmw$ 
lunriac 1MUM» ef y«pp«Mttlaiio&8 ««» f f t Mf sx» iaf» aoA jm. 
Olwioutair for Ml ftJPLomft Mmmtk tmuiaitiwii tht j^^met of 
tbt t9»a«tf9 •p«oi«s of t f c)^ >^ t >^ <*^  ^ ^^* ®"^« ^ ^^^ 
of tear ^ft^io of «• 
Quostioi ftOilis&iooMj CS&»593» tito ooXooti^i voloo for 
«M H«iM& o^oetnm isf^ bo dotonsii^A ^ tlko fl»3Llowias iislo» 
lb tosso of 90lansiibUitsr toaoor oosipom«i£t9t t !^ sitoto 
o%fi«tloa oaii bo oitrooooft aot 
« « • « • • « « « • • • • « « « • « * « • • • « • • • • • • 
I f «or «ao of tiMoo ittlofrolo io aot oofOt t te aonua vl%»tt» 
tlon oooooiotoi vitb u^ io S«MO ooOiiro* Xf a l l tiM iA«o« 
gvolo ovo oofOff tho TibvoAioa lo KMMO iaootliro* 
23 
1*10 giBA^gfcij»»» 
^m&'^tHm^fW ani iAt«iai«it» ot m maA mmm %mm fM« W 
m&w^ mmml^ «*«i fluMli«a« for doaox&l&im ^ o lumA lAisfoa 
( i ) Foi» 0«iimilii3 ihft?* 
<ii) Fsr £ov@t&tssisa wktm 
X'(i/) « i«<u ) - 5 — - £ ^ 1.20 
nitmf Z*(i^ ^) in tlio lanxiBai &a,tiiitltr at poalE fmtaoaoF < ^ ) 
®8i A ^  It ^ i ^ ifAjoatftlULo '^mmst^mn* Xa 1Q&» t«20» |i i« 
2^ « WvtiX idLdtH et Imlf meaOMia i«t«i«it|r of tlM iMnA 
flm o^sorroA ^tmA pvofUo oau in goaoma W yoooXvoA 
islo ctt iaiofiaito »Mi%or of ^mA ooaponwita of oitlMT 
•Ikopo* BovovoTt i t ••—• BOfo yoaooM9»lo to mool'vo oa 
ororljipfoft lioaA piofllo iato ao aoagr oMiyoaottIa M ooalA 
%o oaatl^ r idoatifloA froa tiio i^ootnm. fHia la , i»«mror» 
af^itvaiy proooaa to a e«rt«ia oatoat asA liaaso tlM voaolvoA 
IWBBmaa HM^v aaBpiw^P ViHP4RHV(a^v l^9arvMV4Pnv aaBBHIIWP*^w^^aMiw"aMHw Jaaai J^^PiP^a JP^^^P^W^»^^^B^P0 
f t m M A ^oiY yoak iatoaa&tioa* 
30 
fli« %w» najor fMtmm t i l J • f liiui ^mtAwmimg it^ m tii« 
Mm tl&tf9«X «9ti<»ii of tho «|0B» to tlio osMo of tbo Sojpi^ JLor 
te^aAoaiac i^«li « ! • • • iloo to tfe» danooiiMi f)Potito&«gr i io* 
tfi^ti<m» viomoo tho oviglBBl. oleooieal ooiiQpittfttiOA of 
oooonA MttA woo oowHoA otstft I17 R*A« li«oi?tiito vlio irtMrafoA idioB 
tlio fwiooBogr of ooliUlotom to OBOXI* mnj^ ovoA witli tlio lasi'* 
dioti»p%o4t f3MQii«no|r« tho f»o%aofior Aiotvi1»iti3& of tlio 
ooiMolos %fO«A«iio<l (liOiWBtol Uao io iiliroA I r tlio fg^» 1 «204 
* ^WitiiKiBitUMBwMBoBgMaMjW 
fiio tvoaoitioa ttosool Ca^oorptloo proMldUlty) for 
ial^poroi olioorytioft wm lo i^wttt lisr foio* 1«17 
Xt io tttito ovldoot Ohftt tlM lAtWMitr of tlio al^ooii^ 
Oioo %ooA ooiOA %o iioootajT W9&9W%tmaA to tlio O«EIMPO of 
tiao iotofPolL* flM iofinuroA iotoaoity of o %oail to oioo 
(gkwmk I f tHo osooooi&oa tW 
oltovo X* 10 t te tiWMOittoA oaoYnr* X^ io tlui inoiAoot 
OBOtinr* m io tlio tlUi^nooo of tiM OM^XO «IA k' io tho 
oboovytioa oooffioitot* Xt Hoo Oooo m^mm f941 tuot k' io 
31 
ifluiM A|^  M A Ajf mijIWMat %h§ wmhmf of ion ^aitv wt soU 
eaX«« in « oait •»!«»• in tlio InitiaX m& flnaX «tAt««, 
l t | / t t 4 r ^« ^^ ^^^^ «ff«et C$91 in tli« 09lia (t|^ and t 
7«f«r* v«»f«etiir«lrt f^r tht loeiO. m^ ta^atot @3«c r^io 
fi»3t%a itt %li« flprwsgo y»fira»itiv« iiil«x of tli® moSliail v^ 
i« «]b9 inoidoat pitoton fw^emmf vhrnrmm t ^ wmslBinf ot]i«r 
«fB%ole h«v# tl it ir usmX mtanisgs* i9g2««tiai tlio s«m 
er««r t t fs in ttui oi^aiision of $» i t <»& te •x^ ^msseS as & 
fovtr 8»fl«» in toztts of tlio noi^sil. ooovftin«!t«o iQ^ s 
lotoiainc onljr tlio fivot Of^or torn in tlui ft^ovo oxpsnoion* 
tato intogma 1*17 oan Iw given Iqr C64J 
» ( i' i)^ ~ » 1*29 
lOmw V^ io tho Mvo ofiop Yiirttionol fsrofiMnoar* 2n foiac 
fitm l«n* 1*24 to Hn* 1»29t tlw iMffsonio oyfioxiMtioA io 
k 4otoiio« iioooooion i^ ioul tiM of foot of m teotfli^ 
32 
Using ti l* 9«34EPlsBaliiai.t3r i^&mitf of ?].«;«£•& 1492»tU9 fiMnel 
•uprtsKloa for tb« ixAmml%f of fl^ lataagi Btoltws e^ B^ ii^ ao^ t is 
viMiyo Ji' %m ft namottio isi«nt«t&Mi fftfwMtftrt i is «IM 
• U « l > i . f i * U , ^^ i . thft M i m l iritefttiiiii.1 twnnmw of 
tlM olootvoai^uiio yoir oai 1^ is «lw pUmaam polsnssHiMtf 
Ift sisfls sffstftl, sisiios* tiMi sesttsriim offlsiosir 
8* CiTl is ssrs ss—ssly ussA iastssA of Z' sft« is gXrm Igr 
33 
fthiw S(v^) i * tilt wmh&t of M«lt«rtA phttoMi t f tn^sammf 
U^ pw96vL—0i p&t miit •rom«»««tioa«X tofm i « tut aolii M«i t 
$i/i mhm^ «li« d&r«etioft of o1it«iPv«lioB mA Ji(v^) is tlM 
«MilMr of iAoiaiMii plMtoaa of fvoqiMaor 14 P*'' II>B^^ ^^^ f*** 
imit orooo*ooatioiial «roft« For tt&o porpoMlooXor goeattiy* 
&«o*» i^ i«a %im mgiXiB botiwoii tlio vapolLttKlsoA iaelfitsl wtairn* 
tiaa enafi t!i« soattorod 11^% (pliotoii) %m 90®t S* t9 i l io 
giiraa igr 
if^sro o- io t ^ evsm^eX donaltarf J& ie t te offeotivo I O B ^ I I 
of %tm GXf&tail t3nm uMiSi the «o»ttorofi roSiotiono aro 
f^oolTOi at tlio sMt of tlio OfoetftiFliotomotop* K ^» Boitcstwa 
oottotaat imd t io tlio aibMiIxito tmn^wrmtwp* of tho s^ ioeisum* 
Xa tiMi oiio*9liOiioft fvoe«BO» tlio t«K0orfttafo Ao^ oiiAont 
footoro tUii tor %hm ljiton«ltloo of Stohto HOiA iBitl«»8tolEoo 
OMiyonoAto of ftoooa ooottoiioff KTO l^ m^* ooA a* fOB|MiettirolL|r« 
viMffo a* io ospvooooA 00 (f * •w^ih'^As)} * 
A l^votM %oaA (X«a**»T) oxloto oaljr olioa 0 B* otoa 
in a aolooitXo or ofyotal ocaoo 00 olooo to «i oXtotvoaoffi^ 
tivo aloa T ( O B ^ ao Ot Vf F ) oaoli tlMft tiMi too aloao oota* 
%lltik a dlvoot Uak oamg oaoh otiMM»* IMa ^90 of %OBd, 
34 
Bimtos mA IttSai f 741 i^ oviid tluii life* %aP9«A 1»i»ia« M M * 
elatt i with •tsoac lifif^ftn %« l^i]H( do »«% oM^riMi of 
oiaglit %inA«9 !«% i^  olaotor of thim tMtl i aro fWPf oonoitiiro 
to itttofsolooilRr iofl«o»oo«« 9liio io Aoo to tlM oaluiiiMi* 
n i^ ty iio^ajiyod to oo»» ^urt of tfe* potoKtinl enorgf mr* 
f«oo* ,fm mutii t|r:^0 c»f frota«»or oMfto CTStTSI oiiianio* 
ttrUMi tho foTHmtioa of o lijrAfogea l»oa&t "vtm* (i> it dooiantfd 
oidlft of olsvtObiai fipofnoaoloo fUMl Cii) «^ upmJpA oMft of 
looilttc fro^oneioo* ?%o sopHt^o of froipicaoy ^ilfto 
4o9oaio» iMNMfWP* Ml tlui otvosgtli of Ite ti*loai (l«^**«T) 
oai ^oviilf i t ooo W yoljitoi to tko I«-T Aiotoooo* A ono 
itwioioaol aoAoi for K*1wBiia«» ytofoooA I f M]i|»iBoott oat 
tiiifootor CT€,t7i t proviAoo o ipsoA aooo»i9tio» of tiM WMO* 
io aooviir A ti>oo tlM «o«i ftrotmmy ^''^^•^•••T ^ * ^ '"''^  
AootoMioi ooito io ? ^ ^ 1.5 I t t I • 
35 
flit B|0 aol«««l« itt %li« fr— •!«%• WI.WIC* t9 %lM e^v 
futttt sra«9 f W • fii# ciMMitigr iptolc* t f i t « Mint«l aoAM 
• f vibvttlioa hmrn b««ft §!•«» la faiblt U 1 * Xa tli« •lyata* 
]lXiat aaflKoaaiat* caatvaUMrt tlort* tttAitloatl^ i^trMtioaa 
(ii> S«lMaA ialarMtioat •&& 
( i l l ) Xfoaf vaa^ alattfoatatie latt»i«lioa« 
Tlitsa iat^aelioaa lURiaJLljr iaduea ^uiagfta la tli« 
it«»ati*r af BgO isalaoala* vaanltis^ tuaralqr tiie lamriag 
at i ta ^paaatiy* Jim vatatioaal. d«gvaaa af f ^ « i « i art 
tha HaaM af rotatltoaal aoiaa <ta?n«A as Jti^ratKaia) snA 
trtatlatatf aai«a avimi dva ta tlm trm»Xm%9tf dtgriiaa af 
ffa«fti» af tha ar<t«i alaiin tli9 tbr«a i^xlaalpal. WIMMI* flto 
litrat&aaaSl attaa af vatar ara at tarat kiaia 4aal4pat«i 
aa faalBtei U ) * vaff iM (v) aad tvlatiac (f)>alatiff tlui 
faiaatytl aiaa s» ir* a vaap«atiY«ly ( f ig . 1*4)* 
ffit iiatia««&ta %«t«Mat v* t «•< I ««iaa af valar 
i t irallMHr 4&ffi«alt »!§>»•• tliiqr faiXav aa aiatia raJaa 
vaiawiias tkaty vaUA&Ta paaltiaaa, tatcaaltiaa mt (riiapaa 
aai alM %at«a«a tHair jlkifia aa Acattaatiaa aara alnaal 
iA«atiatE* fwrtlMrt tli* atapliaf af tliaa* Ubraiiaaal B*«aa 
36 
•«•«»» •i^«Jlftl lf lA ««•• tff m atvwm •iysHMtvl.t f o n t f i « l i 
m% H M i jO l i t * . f«9 tikis yatwwi.t I I M UL1ir«lioBiil IMMI** t f 
miter aer* •#! •« ««rlc«tt vitlMMit mp^^ktfla^ tr, f «ni E M I««« 
• t f H « l t l f • WaAm e^ «yBM>tfy« t l i * f «•€• ! • fox%ia«t» im 
%h»»% mm ^9& ei»ui4iSmr«ML« dittimiXtf in idwtif^riag tli«i 
«HMnHfitaiett»2y« Sov«vi«p9 ir«il(m» fit«tbCMl« iNOMft fiitir«2y «a 
%mL^m?^'Bl9'km m&t a&t^Amm 171 mmmm4L tlt« ^ t t p l i n c 
iaff sefiMi) for tli« thr«« llL%r«iioii«X soac* to I M «Qtt»l 90 
AvtvMuM i a tlM ei^«9 tif ta/ermmiJim mmamkt »f lm«ytiA* 
fhi« ItA t * Vy 7 v'y > V^ « na.« erlt#*iom A O M aot HaA 
•t^f^vt Iqr m X«rf* —i^w of irox>li«Mi 4«M to tlM «Kr«oU»tU 
• • • l i t l f •i •%«•! iro^oo* of «««9Uiic MMtitt to <^» 0^ anA 
0y fov tho ttevoo l i i r « t i « M 4 aotiono* 
f * f4»i yiiiyi|tiiif iiULft y t l — <wi iottt<wPii|4^ 
f k i * «Plt i i l *B im— 10m fa«t that aaa AMitaratloft tha 
thvaa pftaaiyal. aaaaata •t iMHPtia io aat akaa«a asaatlir ty 
57 
m tm%w •£ / I %iil Iqr • U i m i y 4iff«VMKl tmti%9rw» tr«&iif 
K aaA a •«#•• • • • • • «wl f tSM mA f .^f ««»9««tlv«ly« i^st 
%lim n MiA y iioiM Ct9«4lli{ • Honvrwpt ^ ^ ^^ f» mtios differ 
1^ wOy iiiWKl llC» to tUfil ^aMM mmSiX tliifitt ift %li» %W9 fvt* 
9»iafi«« in tlw AiiP««tioiui pf|t9«lt« to t ^ pr9di«t«d po«l«> 
tiGiHi ea li««tt«T«lioa oould Himgig» %im «ri«r of tlm r«*iOf 
nftkiiig %!i« Aiitifttiiiiite •fToii«mtii* h «hiiife iif tlit 9x^«r in 
:inp«f»«ftet«» s«3r sr lM f^ eve (1) ft inul l Anvtiii^ ioii la t l i* 
g«Mi«tf3r of «a;l«y i » • 9art&«iil«r sitlt fyos the;! of t te twm 
&l«lo» Cti) i^  isSjaior dofurtiiro of %im potontiail ffom t^ 
bafiiMlie ^larMitoY •& t ^ t ^M i«|NNii«Bft* on tli« »i»«iit of 
imrtlm may aol i^^ljr slgdyousljrt Ciii) ttto oarp«iiiHMi%iA 
UAitfttlo&o ioo«liim %1m HmtA foilttoao AtMi to iaiiojpvitfe 
JUur§o idttlMi of timm liaa&o (^S0 iNTh ^tti tHoir ovovaat^ 
ia< vitft otiior iMiAo MA (iv) tlic alKUg of %k» MAOO I^MM 
tiM fioXA io ayffooiiMjr ««fHMtvlo» flMi total, offoot of 
^000 footovo io tlMi tlw okootmaA frofvott^ votioo fov tbo 
%m aoAoo OK iovtomttoA Ao aot* im soot ooooo* f i f« • 
AoyoaAiMo ovltoftom t« makm o AistlAOlio** tm, foot^ tlM 
o%oovvoA Vttlio V|| ^L^ 0 in soot of tlio HgrAamtoo lo wrowiA 
ItAO for iMtk B aoA V MAOO* 
38 
««%M> i » i*t(lttSJi«i im nso M m i l M i » S^O iQpiimtMi iw 
INI t«09 fdv %]l* Wi i i iB f (V) aod* mA 1.21 f^ r t lM »»«kiac 
(R) ao i t t8t j • Siao« t h « M fw l io * 4 i f f « r l y lOlK Mnq^MPti 
i4t& %^  fmp «Mi9l«tt A«iit«vaiidii» t M « tt«ll9i &• ft Mt%X« 
M t »ox« at9«»ft«lb2«* I t wm istfOtuetA lor Z^iyKft •% ft2. (821 
4a 1972 inA hm %mm f ^ l l « f t %gr tivtFftl» voriGtrs (8Gt893« 
St mif te 90iiit«A OQ.t lMf« tiuKi th» tyMMtxy 4» m ^ •9««l6«t 
! • t M M t i f t U j r lov»i^ Khsa t lmt l a 8^0 •p«4ii«0» no tlutl tim 
nu.4 fttfum*! yntmiiy fnttsiai 
iUj^ MMMni C842 yvt jl^ MPWPi tli< lattafttliy •t^foviMNi M I 
t iw 1NMA8 iMt ft ftiftpXt iniPVMdUMi'tlMi iAU.ili fthiOvwA jtiift^ I j i 
iJMltifttftft ftft %1MI lNMl8ft iMWi* 'HUlft ftVfttftVft.ftft lUMI INIMI ftft(NI 
ftfttftftH ftilftftliMI ftMT # i f f f t i fgllft t*Y IV fti.iNMP ftftTJtlJUl 1MN» 
•ftftftt ttM Mtftftliftft tft iqrindftft ma^ Ai f f«v wiAftlr f f i i i 
HHyftftMNI^ ft MMMA ftlulftil Vftft fW VMIMNP flitflMMMlftft MlMASftA iJI 
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A aX%v§9m aaiyis* I t ! •» hawtitrnf, hmartmOM^ to a0t« tlmt 
in B M H • « • • • tlw mB»igmm%9 hm»H « i l i i i t «pit«no» f i t 
« l tk «toMi AMaiaai ftaa fftftlAl. At«t«rfttittt MtlMi» l«% set 
with tlMMi «f t«iA«»«»ll^M» aoA RftHaMn Vfl • 
•^^ 9 i t # i i Mt YtlffillJIl fflfiiiif Hii iffti II ItHMI 
B9tli tlKi MK^ mOL i o | * «r9 tliA f 1T» fiflCBi« I f^ t f9« 
iiariii»ii twiliMtstwg to t l » tetvtfhiNlirail. Ct^) iywMtfir i a t ^ i r 
f^?<M» ®t«tM Ctfl» fiiart ia« four fmaiMMWtftX f)r«ttMA«t«» 
(V|f ^2' ^3 '"^ '^  ^^ ^ ^ *^^^ iat«raaJL ttOd»« «f I f^ tyy* 
8i93.0«0.X», V^m m total ly ayiaMtrlo styoti^ag mtdm %m mm» 
6«S«(Mir(it« ana %«loago tft A^ irpo«ii««y y^* tlio <<ni%ljr dogono* 
th« SAtt«r t w i^ *-* C«sati-iir^nittj?ic stJPetiMag) awS i-i^ » 
(«Kiti*afs«i»tilii %oaiia0> ii#i«0 i^ ani til933r*di^ii^x*o^* M i 
^lOAg to f j * * ^ * ^ ^ ^ ^ f^o^ ia t 0fem9m 'flit vottttofT (1) 
iBA tvaaoXtttofir ( t ) cteMlo* f:%m !&• ^MUiio of F| mA fg 
iMP«i««iia4l VtpmMHltttliOttOf IPOI^MMtiVOJijr* I^IHtor fOVfOOt 
totfifciod'yOil ( lu) iyMMtiirt io2|^ y«*>9pooioi lo Mtlttw i.A tlio 
iBfM»i« ami ttoMfofOt «»l|r v^ mtA v^ ao4oo aaA t M M l a t M y 
IMAO« Of* Aaka«««i to «Kp««r lA la* Xa tlio l i s m ofootM^ 
tiMi Motoo ooyyoifoadiag to tlio <|—it^y oyooloo Af # B o i i 
f I • * • attivo M A •••os'A&afly oyfoav niti i ooaoiioYoliio 
iatoMHt&o* liOOo tko lUMrwlosy M A O « »oloiigtag t« f ^ •»#* 
4^o» w ivwMtiy fovMAAoft* tlfto 4o«oyifti«a oat tlM 
^0 
• I — l i y i^Mitd • f tlMrilv atiMki Mid«(i vf M I I M I • » • 
ittiinMtl. »•€•• of If^ tyy* of a»2ooii2.« tm iliowi ttt f i f • f %%» 
f . l i i t f f t ff Tl^rf l l^ fff ^^ tjglfcffi 
Bw tt«tftl^«%tte OMiplos tllf*(W2®)gl^ % (E* * aiinJyiAt 
mitftl «IOB) oe«B9i«0 l4ii%l.«o peoitiofto Mlm • oiaglo @o2.o* 
OIHAI* <!&&% $j& oiPiwpfltlk oi^ i%fli& liyftMitoo fiaft tlksv osii IMI 
imgofttft M ft tiiftii«aol«eti1Ui tHtSf] • Attwiisc 82^ voXo* 
md» m ft &$Mgl» wai,% of sami 18 ft»m»m*» tlM OMU^SOX ai^ IM 
o^iftli«r«A aft ft s^ XftonlLft of I fg tj^o bsEviaf t lo point «nmp 
ittflb ft oQBftifioyfttioB ftooooolft for oiilir %!»»»• vilim* 
tiwdft iMoii involvo tlw ooeiiJUiMoiift of tho ooatro of «»•• 
o f Oft^&j^O ftOUOIlift ftiOiftftt tiM ftOlftl (!!«») OiOft. I* ftiiO 
iaplioft tfaiftt nm iftloy ftoioottiftr iaiotftolioiift imrolviiaf 
B»ftloftft io ftot AoftUo tlM ivaaotsy Mtofioiur of tlio ooa^ios* 
6oftfto««ofttlr ffty tlio fotftilftftfti ttftA ifttonuii illwwiioaft of 
B|0 aftlftOftiftft ftf H M •a^IftSf thof ooft lo ooaftiAovoi oo 
•Offtyoftft «ititiftft| ftlftfto ift tlMfto ftfttioaftf tlM oftslvo of warn 
• f Ig i aoioiftlo ffwittfto fimA« 
fko 0^ fMftI ifoftf •!'—itfy iMui ois ftOfiMiI aoAoft of 
"vllwftlioft il i i i l i atf %o Aofti#ioioi ftftt \J^ (A|- * totaily 
ft|i—itoio ftlfoliiafti* aoft*4ofOBoy«lo) t v j (B. • OfftBotfio 
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a«tflft •tf»tflliiag» tf&p]# ««c«MNPiit«), y | if2m * «imttl«r 
VM9««Hv«if «i« E M M aot&im i^«r«&t v | aoi v j ii^yift** 
pmmmg ^9 f I I I iapsmrlfy «s»<et«» «r« Z% ii«tif«. ^A ^ 9 
oHuir iif»ft» ttw votaioiy jsod^ c vIdLtfi IwlAjag to F^  igrwaotvf 
9pmi9B mm XR tm wH tm nmmm totWLMmk (tft%3Ui 1«3)* Bui 
trsaolttofy moSM (F|,|) to h&vmw t^am ^ o l r activity im 
tli« iafraroft nfootra ^ t t h ^ a^ o foir%iA^«ii ia Ef^ @Ei. TIM 
ioseviftioa of this nofsaJl itc^to of irtli^tioa li«vo lit@& 
AopiOtOi iM f i t * •^^ ^ 
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4B 
Fig.VX. Stokas f^ omofi scotterfng of a photon ('^ -v/^ <) oC 
wove vector "8!^  > with the production of G pho.-^on 
( — ) 0f wove vccJpr "5 .^ The scattcrc<£ photorj v*^ ^^ ) 
has wave vector K^  . X»y, 2 refer to the ^Tl'r.clzal 
oxes of the crystal. _ %  _ i^  
Conservation of energy i) =s P© - *^^ s 
Conservation of momentum 'q'ss k@ --Tg 
47 
H 
> 
c 
o. C e o 
JJ iJ o o » 
1 I 
C 
O 
(A 
o> 
C 
o 
o 
(A 
C 
o 
E 
o 
u 
O 
tA 
1 
C 
O 
I.. 
U <A 
tA C 
—• O 
UJ •= 
t j o 
c a 
o « ^ 
-J C f ^ 
-J. ;*-», t < 
•*- QC ^ 
o X t ^ 
f EC W-^ 
I X«M J g 
O C 
n h o • f t . * ' 
JS r ^ UJ 
Ui Q. X 
t a 
li 
a 
ss **J 
X 
48 
c 
i 
en 
c 
en I 
- I 
D 
O 
UJ 
o 
o 
z 
O 
«/) 
UJ 
Q 
O 
< 
z o 
< 
CD 
49 
V A C 
FlQ.1'5. InUrnal modas of a t«trah«dral XY^ 
mol«cul«. 
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&3rdrftt«A flitli^ist«»i ^ii^^.TH^Of Coso^«1tigtl mA f^eo^stHgO 
»iiA of 11)9 |Hmtii»lidrdrat«A a3al^.%tt t^^*S^Q ««3*ft gToim 
from %h» iat^Fattd ii9ltttio»s ot tli« aiitil«r gr$^9 of %!%«»• 
»alt«, p»}«curiA from tl&«i S^ H^ Mmiibttf^ Znilm^ In dintl i lefi 
this t«ifip«rfiita3?«, th«m m^ltn K«* odfiwurtud i ito tHslr 
uoltitldii ait!tk># mt %mtpmm%n.V9 «%av« 1O®0 ^^40%}* Luttr 
mA I T C . t x l . « , 7 r t ^ . Of f«r t»3 « . » . . I l , .H . i<»< 
tioas» iBtfl «l Apyi^fxlttt* tMii^rfi%iiy«« (@7ttSJ* flm— 
«ry«l«i« VMP» ttM< for iroootiljiff tiui l a f r « f ^ oiiootm 
fvoooiitoi im tlMi tHoolo* 
2*2 y»wap«tio« of fttttoa Smif 
Iko oirvtalo of %li« iw»i«t|Ftfi«totf doii%lo oulpliRtoo 
vtvo gvowi t f tlM «lo«r wwmifwnMkmk of tlio atuoono ootviwtoi 
•oimiOM of tlio ro«900%i*vo h^wt^ma aotol MIIJ^IIKIOO 
52 
i^m^mwm^'^ (R** • Kit Oo» F»» HB l» On) MoA aeaMmlni/pota^ 
•iimt cttlpliAt** %M th» •«ttiti«l«r nttiea at womt trntpuftm^wm 
(^30^0) t89J* 7 ^ eryvtals tlnui gvowi wtri) tVftaojiftrffiBt 
mv& flwmlm99 vitli mill a«v«Xo?«di f<MW« tisA «#V9 UMH MI 
Xji^ m)^  moA ttm trm3Lm.%tmk ^0f«t«A isotfii mil^mtm umA h«rt 
ludim* For EMKMII clitiir of axlimtotS nim^^ lo eeyw^^n^ tUwf 
inaP9 out into v«9tiisgiiliii* •!»%• frit^ aiB9a»ic»i;i0 'v^  B3K3%J WK? 
8ud ir9ii« «X8miiitA im&^ p9l»si.w$M^ sie790^a9 to ditftmlxui 
tl^«ir imSieisttfl]! ftatvtt* 
Th* rmPi(M» tmm& of t^« os*ri^ 6l@ tm>3«r «%t}d^  war* 
gxlM9lt «ltii SOO grttA* ^we^itimi&vm ma& ti&tta poUstMia iiitli 
BvitiiifeL imm9lmm Optitt&l C«»i9«iiri ir«3»A« aX9ii« vitlt f«ir 
ftf099 •£ Giit^t PimmH^t tlM «i9«tftla ««»i jKilitiivd vltK 
fM> «#iit«i«timit tti« p9iaml9X% of VMrvMi 4li«till»ti<Hi 
«M M93yaf«€« flM viiMMi iy«t«i UMA for tMo imr^ooo i o 
Aowi la Pif* 2*11 fioviAiiig o voowM of ^ lo"*' »ia of If* 
7lw o«lt» (Jffi^)2Co(^^)2«<Bl2^* ^ ^ doutosiKtoA imo f i ro t 
tlMfiiollf Aokr4r«to4 t9to tlui OBiq^rtwo otogo I r iokiaii i t 
53 
ta an &wwm At tlt« w99m&9jLmt% ««i9«»it»i« ('^ tlO^O>« tia/— 
ist«rMaM«t«i flMks vwr« «••€« MM ( f | ) •oiit«iat4 fforw 
H^ Of tlui mmt&Bi Cf^ ^ ^ ^ d«liyATOl«i mat «iii «ii« tiiiytt ( f . ) 
««• mxptf* flFfft th« vlioX* VfvtMB wwm inrmwmtwA watf S^ O 
mM f3f»mm u«ljig H^aii i^* ^ ^ wtMmm y^im wftff %H«tt i i i * ' 
mnamv^tA rros t i» agrvlca asA ^ndtv loir pvtewtti^ p^ *^  mm 
twmmttiwtm^- ti tlm mmwlm flaalt to iisioXirt tht ii?i%pl« IA 
dipping tJbitt fiiitle im @a o i l %m^h» tn %hM tiiiv^t »t»i«» D^ O 
firos: ill* a^ umms ^iltttion wm tr«iicf»:rr«d ta th# i^fty 
flmik ^ a ftlMiliup :»itlio&» lmwf%m ^^^ ^mt9T»t9$ ma% iM 
t!i@ 0«G9^ flaslsi (Fg)* 
*^$ l i t l i . l i t i l f i i t i l i 
^•s*^ lit, .ItiilihlAy^ Ff ff>f^ ,yti^ fflKBiflfC 
921 do«%it W M I cMktiag Xa i^Ni6tf«9lMt«Mit«r «ai«li verlES on 
tiMi fVift^flJi t i #ft i«Bl tttOI »•%!»# i a lb* i*«gida 4000*^$d 
mT^ tm • fliM •yllMjL r t r «l«crMi of tho iaotmnoat ! • 
•IMHA Aa y i f . t»i« INMI aoMWl glowor (« aoa««oo(l«i««iaf olo* 
a w l « l laoa tiiii9«paltti«}» aiaoatiaily amriaf a atcaliiro 
1i«i90vatii»a ooaffioioal af yaaiotoiioo* io iuio4 «• ooarto 
( i ) ^ iaitwpoi yaiialiaa* vkiio a b id i oyooi ooaaiti^o 
9ia»lir>* t l tw i t t tn i la ( f ) t i t tod v i ta lilaokaawl «oU Saai 
mmlw^ a i t l i ll«l» alaiaa i a mmA m dotootor* t i n iaa»««» 
D4 
twiawi %MM f«0iim hmdik to IMAIU f l i* grstisi l l | vitli 100 
Uii««/»i i» mm4 in tlt» fi?8t <ird«v tmm S^OOO to §90 « i 
lyaA in tJMi soomiA 9ri«i* fvott 400O to JSOOO «• f ti^ ii&Io t^s 
gfmtiac ^2 ^^^ ^' liaoo/itti io tisoA in tho rir«t di^or tmm 
630 to 290 m « Xatovforemio fi ltoro C^ ) i^« a l^itflftoa 
fitatOBfttioiiaijr to inroM rr^intiono fron ussrmtea oMoi^* 7o 
oooa l i i i^ iiuality op«Qtm» tbo iaotrosifsnt lm» M011 i»Poir4aoa 
with oororaJL ^juotn^lo l>i,iras»toro» o.g* olit irl^tliy inin* 
•Otta «i>ooA «te« Urn voooltttion of tiio i&ots^ tisHsut to 0*3 
OM «l IQOO mT with m rotroiuotioa of ^ . S m «lt& 
ol i t viat& 410 |i £911 • 
Bio o^lllirmtiofi at tiio inotmnoiit wmm oHoeieoi ^ uoia« 
0*09 an t t i i^ poljotfyeiio fl2@ M t^o rogloa 40^^*600 OBT 
•BA ^ mdUsg tfto ftitotioMtl ^ietio of otaoi^&svio initor« 
Tho oooiurftoy of tlio ro^v^oi opootva io j^!^ OM for 1 ^ 
Iwaio oikA jt^ Q oo for bmsl HBA aiffaoo bmdo. 
flio iftfr^oi opootvo itt tlio lew fro<«Mor vogiott (%olo« 
400 mT^) WW9 rooovdioi o» I'olartooto fiit»90 fttr-'iafroyoA 
oH^«*fiMtoMtov lAioli 10 iMMioftUir o Miolioloott iatoi^oro*** 
9«to»« flM iaotnaafttt io ooooood la tlupoo woomn t icM 
ooo^ovtBMioi tbo iatorfovottotor olMmWr* nm mvmplM olMMibor 
a5 
•ai %hm ««t««tor tHumhw, A v«l«r MOIAA iO milt* A««* 
ef*r«l«i Mil l 9»iw»iv« aM^my Ump i« uMi «• riNllatiMi 
mwtmt m&i tmumpwumt di«3Uietvl€i t i l a * of p^'Sk^wthjfhmt 
1 i«fi#&iK«iii« df iriTffi«t f&seiett«M tarn vmtA M 1HI«I 
«fl|.tt«r«« th0 four d&ff«]r«iit nmg«» of %h» i&vtxiitatBfl 
96-500 «m*^  aaft (i^) fOD»6$0 «ai*^ « Tfo# aolootar HIMNI i« 
tli« dollar A«toetor o^vmtod «l jpooat tonpornlujN *^ Tli* «ipXi« 
fittft iat«rtofo^«iB Ci^  <mrr» l»«%iMiffS tM iiil«ii«ttf of tli« 
&%imvT^ iMwtmrmem trimwi 'wmrnKsm 9ptlml until aiffdfw 
4me«} i» fi«)itor«d o& & oliart r«oox^or mi4 8i«iilt«u8(«ait^ 
^glt i«»t m§, fod t@ ttm »iiilH9om;attr« 13I9 tr«a0f#i*9iid 
^atsi sro -lii«ei Mfr^l«3^^ fMi tlio tsunMBtsiiios m >eofna E^& an 
S0«o«r» roportoi ii#r<i lunro %««tt oMaisioft Kfedlln worlciiig «itli 
t i i i * iii«tvtni«at in til* vrnm^ $00*90 mt * 
fflio froqiftottiar eolllMratioa meA i«Mlutl«ii of tlui iaotf«^ 
B«ft% vftt liioolwiA tqr wm^x^Xtm ^^ «*131 doowmtoi pnro rol*» 
tiOBoi iv««tiini of w^oip •apoiur. fho ooourooir of tlM ijm* 
twmmmM io tP «• < ^ iluwf Waio OB< jt^ m for Aiffnoo 
•^^  i t i i iff iUtt Itliifffi fytUfi 
fte hlfiUir okoofMac aatuvo of %lio iaovifoaio oosj^ oiwio 
wnMm olm^ Aooo aot oJUov «• to vooovi ^m tvosooiooiMi 
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iafTttMi vlnif • ; tbt • ia i i l * ttfyslAls of tbOM SiuLts ««tt 
tdl&l r«fX««tloa t««lUBl%ti« lfj»9$i • £^ «t to t to loeli of 
•aiH f M l l i t l o o * tlio iJifirsroa 8%oof!»tioa opootx^ m o€ tfiMi 
a««ir«4 oomploo havo %Bmk roooTitS ii^ t ^ i^ otrior Cmi<»w<» 
erytinll iao) fdtis tiiiiii® proe»ti Sioo &^ iiuloliBoil ^INI1I» 
eiqttoo* t% f rotittiirod for liotii the ttnlUEil^oo tHat the 
p»PtleS.6 also of t ^ oolito ititiattM taomJll^ !»» l<»fNi t^tun 
t lo vttvoJUm^^ 9f t ^ S^daent ri^istiOB so ao tn if«liu6« 
t ^ pro^oMlitjr of tho plioi^ oiiosioa of eoatt«p&iSig as woll «i« 
Ch3?l6tioao«ii offoct t M t g^asi^aiy &sm up in tho !ri:^oet»i* 
t i n * toolttlqiM i s aoeottplli^oa Igr ^^ri&^iii^ tfui mUA 
im « ninortti oil» gi»ui3*al3|r «tt|olt to si<ilt» m t M a i^ aoto* 
7^0 nliuiraJi o i i ooiroo to ono^ oaA th« oolit tmM ooto • • 
• oootiAg wtmsBA %hm pt3Ftiol4i9 00 M to aatoli tibo r»tros«> 
ttvo iai&eoo of oolti wm& »ia«r«l o i l soro o2^eoly tliott 
fiooo oir* Wsmm tlit exwon I l k * MUR|p«ftBlw& lo wilfonit i^ 
io •%«•••«« into » tliift Xifox* INtvooa %hm poliifeoft Ooir 
ploioo onS sottstoA itt tiio M M ^ U O C A T M ^^ 1^>* o^ootvoflmto-
Mtov* Aaotlior AtKOtMil^lo •rnXk^ kotvtoa ttio plotoo of 
t id i l i ft f«v Avofo of Mlol . oro yXoooA* io teft i j i tlio 
rofovoBM %o«i of tlio ^o«tvo9tot«Mt«r to ooayooooto for 
Vm OiNlOVftiMI %flOAO Alio to ttHjOl* 
o7 
s.i.a ffitf ?fttff# f I f f ( f fWI) ffiiilqut 
du««a i|p i}Qiii«A% {9S] wot ititttoB CffK iRitar ii«r» iiki* to 
••taiUJLtk tbftt ft M I 1 « saMipl* iwtMoi nixtA vitlt • mltiilll* 
Ri£lirix B«l«rial CgtatrftU^* a3.l»24 liftil««) r«t!«ia» n i l t l » 
pfop«rti#9 aiiiO{!i«%«d idtfe tut ••^pla eaA %gr «p^l^iitf n 
frt9aisr« of %h» &wA9r «>f 19006 ilNi/iJi«li Hy «<i«ii« df Hyi* 
rmiiia pr«M» a t»Mit9«r«At fliM «•& %• pv0piir«a» T ^ IBir 
s»7 iiifflft liiiteBifiil 
1^ 1 m liaeie I « M I * Hiisaii 8^^et»is«t«i»« t ^ •smf 1« imA«7 
i&T«8%i««.tioii 1« irrasiattS 1^ tlt« H ^ ^ of m o^^tmlwe 
mwnmhmgth ttom a Immr mmmm* fim Xmtmr imim mi%»im the 
mmpliB eoB|^ «rtsi«at ttooui^ aa sp«rti;ar«t aftsi? pa««4i^ 
tiurttUil^  Ml iA%mFtwmm9 tiXtrnt^ t^ttme m$ p<i3jirii»a%ioa 
votator. 4 vaflaotiJm target (i»ri«i> ia r^oir&AaA ea ea aid 
la 2aeatia# aad dlr»«tl&< the Wan froa tlia axtaima]. Imm* 
aeaaaa ta the eeapXe* After refXeetloc f r ^ the prlea aeev 
the hettm ef the eea^evtaeotf a feeaea&ai leaa e^ieeatralea 
the heea yeewr eithia 9 te 20 p Aieaeter epot oa the eeaq i^e. 
fhe Mmum Ucht eeattere« at rtglit aagXea to the iaei« 
deat raiiatieft le aeeepted Igr a eoUeetioa leae «Kid pre* 
4eetei en the eatrenee el.it (S|} of the f i rat aeaeehreaatev« 
fhe ealliaateA he«e fvaa the Iheet airrar (li|) ia dleperaei 
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ly tte flvat AiffrMitiOA grattnf (9^) IMIA rvfomsMA IA t ^ 
9]«Mi of tlw isi%«ffmiAi«t« sULt (ft;)* ^2^« Mtea* i« i«* 
9««l«a itt tlw ••ooaA ttOiio«lkVMiatov iritli tB» r««at tbat thm 
U0M fmfMMg thtt aaonpotr • t i t «Ut (S^) IM« «. 0p«itti«l %«ai 
irlitli of OHO ir«v« ntialMiap* tw9 gratii^g* fis^ «•% to oj^ «rat« 
i& %tm first ofdor with aaaitiv* di»$wy«ioa« Ciftiefi iK>£t* 
aiJittag of ft flulA &•»•» a fjr^t surfaoo siinpor a^ i^  a 
ooaSoasloiE l«£Ui dirtot t&e l i# i t frsm tko oadt e l i t (Sj) to 
tlio fbotooftthodo of th9 v^Buoitmnltipli9r tu^* Si^oltroaoiio 
oeaitolag af tht Mtm9^semm%QV m€. of I?** wmt^w io nooornp* 
21«^ «#. tferoti£|i «lofi>iiiir.ts!Otore mS. thromh & ^e^or oloelc 
^fUeh e©ii^ 3pgto8 th© arivo ^mlsws tor festlj tM op«i*«ll3a»» 
By ^»i«©tiii£ i»e«a imt© SKS SC»C. ^Tjg»» t>»« loglo «»9,ili«o 
til® propay ptiiw rmt5@ ti? ^ryish m&tOT^ 
Oitff ®#6«ay«8«at» wort i^arfoiwia on !?p#x»140l 'ils^alog 
l^ 0tt%l« {ionootenmwtoi^  ooaatotiat of tiio t^fumraymifmtmr 5/4 • 
ffvwtinf •imoti'OMotoro lit o»vioo <yi#« 2«3) vitii lai mpvrtuw 
of f/i»t MkA oa HMUUBior Ef 25 hanriair t«o IdmktimX wmmtiae^^ 
aotovo iA OB oAAitlvo aouat 9mi.»P»^ vith ed»o«!r« h&l9§^m» 
9ldo iirotiiiiii* flio •poeifiootioao of tuooo tvo ii&stvwioAts 
mm o«wuro oiood grotiaco (fotxiot am } nalod iiitli 
tSOO lioon/SHi OAi %loaotf ot 9000 A mf uooi «• aiopoiroox*. 
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fbm %i]ji««nil.» mstwtA a n t s mem iumi tsi^ to ft h«i^t 9f $0 MI* 
fli« Ma»lttll#a of thm iaatyuMinl i s 0*2 «• d € 1 ^ I* 1li» 
v«v«l«agtft eoiuil^ »«eh«a&«i i« aeetxriii* to JHD«9 OR unft 
i t fopminoiKLt to ^ 0»6i Oft o*ror 6000 A wvfoloiimlli iutor^ 
TiiJl. flit d«t«eti@n igr«t«e of tliio moS-^iX m^pl^u eooloft 
mi*^$$B pimtmmXtlplXtfr tulNi* 
It io ft aittvow eoaflgarftttoA wMoh momo that ttw 
oatimioo m^ ftxlt olltft avo Isotl^atsl $ai0 inmstftt in « 
plmm paimUo^ to t1^ fetation oado* Tttt sqmur® oJUsoA 
(110x1 to vm } co&tmw Imla^fmpiiXQ itrmttxm» ar@ vm9& «a 
aiaf^ »y©o»»« Til© etvai^it mA Mfla^aisl alito of i«ii^ii 
20 mm m$^ vtatfa ^^o 2 tm sre opdimtiN! i]tlOD«iii«sit3^ l)f 
v«mlftr OP otopplti^ ootor* Tho f«8ol:iitioii of tho iii»tm«> 
3i«&t ift 0*9 «B"'^  at 5t4$ tf ropfoauoi%llitr i<i tP*^ ^^ 
m0 mmm aamtmr ooourai^ ^% on ov«r 5000 em • ?1bo inft* 
ty«Btat ift ftlftttXtftftoouftlar ofti^ o^rtoA %gr tiro dotootiott ayft** 
toftft* pliotiwiltipllor and ft HiiltieliftraioX anftljrofti** f>M 
OFtlJUM roof ft of tlM iftfttiiMftiit %& tim wtMWM ••rai.oit io 
• I 2tT2O»f2S0O M ftiiftivftft ift tlift ftltiwrielftt (QY) ^rorftioa 
ift 3fO09«»«T5f1 • • ^ 
TlM iftfttMftttfttft voro eaUkrfttoA twiac tlift olaadftri 
•pftotffm of OOI,^ * 
sa 
Thm wtf§^miM tluit hmrm h^mu UM& to r««of4 tlw Ean«i 
ift •••• 2»2» 7lM iafii«ftt)tiK g««a iMir« ia«iititi«4l ttirotti^ 
am a i^4.ai&«%0i* for thm ^mpmip QVtmktmtimk ^t i t s IWHI, 
TMii pnm«e« ie vfixy impoxtassit lNi€S9^ i»» i t dlreetly iMie«l«ft 
vMelk Qf thm «»ip(ija«&t« of th» polMxtsmhllitf tw&mv t^Smmmt 
H^iiPlag vifefffttl >Ji| p«ii«s®lijg rt<#etwi8 1» « pa.rtieiUai' gto* 
sutfy of %}%n CTsrstaS.* f&® fom of *fe« tiestt«riim ttaso* 
©«^  te« IJr««ii5t«a tar « vitemtioB of sny g'i^ «*iii sy^ a-anti^  1^ 
#t«i/^.ci^ ^mp tli»33fetiofa 3®ttoie# 
loiiS^i C$Qj Ma liettd tlt9 @eatt«7t&g t@iis03f» tor aUi 
^2 ^oiut gTOQjps* fh» m$Mssm nvmhrnp of giKK@«tin«» nme96L 
^fwm^^tf 0f t^9 QTystal* A I4T«II^ oospoaeiit of th« »08ttt«r» 
iM§ t^nm&r m^^ msr l>t ia«iitifi«ii ^ arraaclii^ ti»« gmm^/trf 
• a ^ tlMt tiui SttOidcftt It^ 1» 9eX«jris«A iA tlMi X* Alrvo* 
tioa Mi tlw wi»tt*]Ni6 l l i^t im tii« f* iiy««tiMi« nm 
—ww—pm&iMd «««Mti7 of tb« •2T*t«i lA Flc* 8*4 nUoini 
eni to 4otofmiao tbo pboaoao tenrlAff Xf» i»oX«ilA«lilllty 
4^M««t«»i«tl«» 
F«vto MifA ioiKorkoro t9M IMNTO laitliitoA voiy noofiO, 
Mttt l iMM for Aofifliac tho goonotry «oo< i a rooortfiii« tiio 
SI 
^•rifttiQ of tiMi M»«* 1« lAtffvAtKMi femr parfii#%«rs» %vo 
iA»l£» imd tWQ 9at»tg« tht 9«»iiitJEt««««, to ^mwerih^ ttsm 
^«rtlti«iit •]Kp«vim«atttl 0»ii^iti«m«» For oximplot tho mym» 
ImlM, X mk^. f oiAtolio tlsui p«K«Atho«l« in x{yA)y $mim%m tlit 
^Imetion &t frofi^alioa of ifioiiont naS 0eatt«r«ft lif»^ 
roopnoflirely vMX« the. im»itr i^ymbolm f mA0. » %a0%en%9 tlui 
^olarlftiitl^B tiir»ittiai»« of iaeldofit gya/A ocuttorofl llgkct 
ro»p«crliv@1^ « Fiirtkoft tlio»«i ifi^ boXo la tliolr abt»r«Tlst«d 
rii&ia»lllty t»ii@oir oli»i^ @s i^ ^ paifliouXiir seattoidUi oxfoxl-
timt* Is eneli m a;stmti§&« tlit iiiO&A«»[t lig^t i s assusitS to 
pifopK j^ato St right 9mXM» to tKo j»>ftttiiroA IIiM* 
lt«9 3^ow yjttjjorfttnyo C»3^ 
7li« iAfnupod op«fit»i lit lov ti)«i!>ox*«ittiro noiro rtooirioli 
Hy iBOimtiac tho pollot iaoido th« eoM fiairoY' block (CFB) 
of tiio eowroatiocMl Vo i^ior iloivdcr t y ^ eoXl ift^m 2!«9). ?lio 
ooUL ooAS&vto of • ftov^Xo vttiXoi dovor (!i) «od «a oroonobXt 
eoll fittoA wltli e^ fcr iPiaiio» (¥)• 
iJoi^ pop ooaotoatoA tteipusooovflo (T) VMI ottooHotf to 
tko ooKtvo of tlio ooli fiafOF U.ook« Ooo oi^ of tbo tliomo* 
oon^o voo 4i»|io4 la «a ioo»votor iiixtwro. fltonso o*««f • 
«•• AOOMBToA \if m oillivoltaotov olULoli ««• o«aite«totf to 
yooiil ttM tOBfoimtiiro of tlio OOB^IO* T IM toayorotiiro voo 
BZ 
mnA •JUml.twMOttaljr litt«ti£>ir tli« •«&• •XftstnGalljr %f^  tin* OOA-
tvelltd otirr»iit fJjomiim ^ & ulelirois* eoiJL wotuiA nrouiMl th» 
kdVAT t%kh9 (Fig* ^.S)* Th« t«Mp«rftttKr« iittibllity im€ neou* 
mey of i t s ffsiunxriMtwit in th« aboirv iNit up nme •^ C^^ * 
S3 
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J^S3 
G2 ^ - C C 
M4 
'52 
— -="]] M3 
M2 
G1 ^ - c r 
fT"" --i] M1 
Fig.2.3. Optical diagram of the spcx model 
1401 double monochromator. 
M1,M2,M3,M4 Spherical Mir rors 
S1,S2,S3 • Slits 
G1,G2 •• -• Gratings 
J3 
/ 
A.—-J' 
Fig.2-4. Exci tat ion geometry y(XY)Z 
The symbols within the paranthesis indicote 
the polar izat ions of incident and scat tered 
l ight respect ively while the outer symbols 
specify their respective propagating directions-
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Fig. 2-5. 
^ ^ _ / ^ 
Low temperoiure cell 
C C«ll SC 
T Thstrmocouplt B5 
K Kovar seat PH 
H Heotlng coU EBS 
D Oewor PHR 
W CsBr window CFT 
IB Incident beam BSJ 
f F 8 Cold finger block 
Stop cock V4 
Boll soci^ftt 
Pellet holder 
Enlarged view of bolt socket 
Pellet holder ring 
Cold finger top 
Bolt socket Joint 
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fB8 ygf^ A^ J^ IP iFSCniA Of 
f h * MXt« «&d«r 41«oiui8i9n i a ib is «lkapt«v «rtt «f t^^ 
tarp* IfSO^viiiBjO i ^ r » X* i s ft 6iTft2f«iit tif«n«l%idii wtftnil 
ttftlioa «ftd o i « Ml iAt«i«r« Ti«« Si804«t%0» f^so^.Tij^t 
GddO^All^ Of ViSO^.I^Ot OttM^ .^CI^ O MIA OaSO t^fE^O* flitgr 
tmf vid« tippliofttiOftSt i*«« aioiwl • a l t * «r« «••& AS ea-tft» 
I fs is (9931 09ti«sX f i l tS7s £100«1023 ssi& l » •l«styo?iRtl&«) 
so^slt sftlts srs ussa ss fovssmi sziAislog si^ ffiKtsi oo99sr 
sM fsiPfGiis salts taf ustd &s laiboratoxy rtai«itSf prsssr* 
•fttivss sa6 ftBislsldss CI07I> 
Baj^ tsASiTS lavssti^fttio&s for tltsss salts lisrs bss» 
ssrrisi sat iAtSptissli ^mrptUm (I04»l09i # klastiss of 
AtfiyAvstisA t fOdt svrstsi strsstiirs (107*119] # si^stsl dls* 
XSSSttSA (ItOJ* MfSStlS ffSSSBSSSS (121*1303 SSA MSSSWttSy 
staiiss {191«19t3. Xm tks isfef«rsitsa si«iiss» I s a i i st s i 
(10<] hmf shsm t te t sifstsls grmm st 12.S*e SIMV %h» 
prsssttss sf ss?s» aslssalss sf vmtsr sf s«ystsilis«tls» 
ssslws&icsljr ift tlM aislMl ssXt IrvssfsstiTs sf viMtksr tlis 
s t M ^ i i f astsilsX is lists* me iMfts-liiriMitss slMrsss srfstsis 
fMss si 40*0 %§ktef as kssa*>f<>mtss ifvsspsstiTs sf ths 
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•tartiBc aat«ilftl» Of3riit«ll«frm9ia«a2jr t i f 1*114} i t htm 
%••» 9V«4ie%cA Uuk% tli«v« 9Bf twi tf9«« • ' s«tt&<»«ti» ^MV* 
! • > • • Dt'CBjO)^]'^* u h l ^ WPt fo»«A 4ti» to tlM ••ofAiaslimi 
• f Alx ii^«r Mll««iil«« l i t l i tlw attftl «tMi la tut f« * , 0»» 
saiA OK*> aftXts* f ldt i»f«v«ttO« IMM SSLM %9mk M^^fttA tgr 
BPB MfMurwBumts C125»1243* 
a«o«&tajr tm^vratiirft A&pmAmmm of •Imttio emiflttttts 
• f ft«Mi90u*tt[2^ ^ '^ ^^  ^ *"<^ ••ftinroA %gr lltd|aaofl aad XiaotXI. 
(1393. 1Si» #tfhii*f«ll«y •ffaot of fVoCRjC }^ oonylos I I M 
Howl ofeoonroA la tlio aiioA ofyetoXo 3ro^^^3d^»1l20 (R** • 
Mi» 8i» 2a» 0») ^ Slo^ko ot aX Ct54} • In ^lio otiiiy» thoy 
liacro alioiii oa tho Ibnoio of ttioiip exportBoaliil eo volX so 
tluMrotionl. OBfiSjroio oa tito hOj^ to l^iyA'a^ oA ooXphatoo (1^80^* 
7B^0)t viiioh ofirotalliso la tvo aifforoat otv«etiiroo, tHo 
aonooXlalo (K* * Fo, Oo^  Co, Or) onA tlio ortlMflioiiM.o (M" • 
ifft l i , 2a» lia)t that tlio 4roiui>*y«Ilor wemfssf of t te «roka» 
follwp ioao (Fot OOf 0«> Oy) otahilisoo tlui isoaooltalo ooa» 
i^ oroA vitli tiM ovtlioi^MoMo otmotaroo* OtlMV ivrooticft* 
tioao iooUof oitli tho oolto oaAor Aiooaooloa oto I««ir 
oaJlMiAoa oiNiotya of Oo** ooo i>to owoipoiiaiBO 1*391 $ X^ i'osr 
l^Okoofpiioa oigo otwljr "oA Mjl i TOOWNO otoAir oa OoAO v^Sij^  
flM n U»ll»197*14fl aaA IMMM oo«tt«riaf CA9»199*t49* 
14A»197] aoaoayMBto litiro oloo %ooa fovfoMMNl oa tliooo 
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• i t lMV 40 B«| •««•» %k» full I«a f« •£ flMAdA f»«fll«B«i«i • » 
(MP« att ef f M i tmtlity* Attatttluyu»flaraMa (1951 i««oi4i«i 
•mitatioa* H« CI991 mBwigMA tht l»anAa o%Mvr«i IA tte 
r«gi«tt 9CNHMXI «i*^ to tlM soltiplMBMi »o4«« of tlio ooMpXos 
CK-tv).'*^. - . . 1 . c . - I- »-» « . . - » - . . « . a^ 
to tlio Xi%rKloi7 aoAoo of B2O aoXoottloo %hm% g,mimrtiXX^ 
•ppoov M vtolt tendo in %IM Emoo opootvft Wl • Zn tlio 
iafvoroa opootra of X a^o^ aoBjO (K* « £ i , Oot fOt €«)• Hooo 
11402 iwportoA %im tmAmme^tX vibi^tioiial f^ ro^atiioioo of 
^ 1 * ioa «&d t!io t»OB&ias aoAo (vj) £ro«a«ii«ioo of imtor 
aoloe«loo vliortBO lfoltof«wi A SlOjBaaouohi Uil vopoftod oaljr 
m fov ¥«ado eonroopottdiiif to tlw lilivotioaol. Bofioo of votor 
•o2.ooaloo una ooljr oao %mi& for tiM ootiilMdvoA witor eoKplos 
(•'(KjO)^^^. imOM ot ol (t97l rooor««A tlio iafrovoi i^o» 
tro of liSO^.tt^O aai SitO^.TIjO ia tlw 1700-400 mT^ rofioa 
• • i i t tH io to i okoowoA taafto to tbo liowAliig (vj) « i i U%* 
imtoiir aoioo of votor aolooiiloo mA to tiM istonMl aoioo of 
lOj • flMf ilMHroi ttot tlM IBr yoUot toilmi««o io aot 
•ppfoyrioto for t^oo oolto OA oooooat of OB IOA oioluuiio* 
Biot ot oX C144] yorfofAoA t ^ iafroroA otnijr of C«iO^«9i20 
•oA o%ootv«i too %oo4o ot 1179 * 1<90 MT^ oorroopoAAiag to 
tiM teaiiBf AoAo {"J^) 
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thlLB • •#• liOl* a«w (il ftBft W9mr9 * Valk«r {1413 •tM«rr«i 
«»ljr «&• iMni «l 1640 mi ti90 MT^ y««9«eUT«ly* fliMt IONI 
«3L«t wBv mittivitira to tlui WBrnigmmtw wt %««* araoeislft 
vltb th» •tv«t«]itot BoA«« of init«r MlMttiM to tlU.* Mlt 
t19a»UI»l443 • 8MM of til* «^aA« •bMnr«i to tim ttmrnm 
•p««ty» of CttSO^ vSB^ ^ ^ Boygtr {15i) otoo •••» to lunro 
%ooa vrongl^ Moiinoi to tcuCB^O)^ }^ ^ ooi^lox* 
flmo to iovt out oU %hm oontvovoroloo oad oiiMMlioOy 
«i i to pfovido tlb» OM^loto md oHisaiotiTO eowporativo opoo* 
tyoooopie muOyooo for tiiooo iurdrotod otofJU^fluiplifttoot oo 
roosmtood tlio tofvorod i^etvo of W*&>^*TB^ (H<'« l»i» Co* 
fo)» Wm^.m^O {Wm &u 0») «ad thot of 0aS04.5820 to tte 
*1 400CK9O Oi vofftoa* fho m9i4pmmf of oztoivMil tottioo 
noioo (bolov 200 «• ) li«ro liomn nodo* Our opootveooopto 
olioowotloso eonfita t ^ otyoloUoffropkio ftodtogo tlMit tlioro 
•vo two tfpoo of votor O<M#1OIEOO (MHn^fi)^^^ to tiM Ooso^ * 
tXfO» OoiO^ .Mj^ O* FoSO .^H^O Md OttSO .^SIfO. flui idofttiooX 
^^ootvoX footwoo o%o«prod to tiM tofvoarod ^ootvo of NiflO ,^ 
tl^O oad diio^.dl^^ to KBv * ttftjol MOI Mtytaoo mceoot 
tluit MMOO ooJLto do «ot oili i itt iott oMkoofo oftii l i r * fkio 
olMowottoo to to tBAtmidioliOft to Imdk ot ol.'o (1311 totor» 
pvototioa* 
71 
3.1 f f T f f ^ f f f f m i f 
t« DJ 4PM« cvMt ignntlify of •vttoitMiML* «!«•• vitli M i l 
fte Myvtal i t %iiUt t f Mli^uil* ««tv«lM««»a» tSi(ll20)g3^^ 
id cmWMl 9»l i t iOMI* nM9» «t<t • • • • « «iy«lttl l9iV«plliMl3jr 
difliAot v«l«r solaealts vliiib tarn t i tQt i t i »t Aiff«s«ii!| 0| 
•it«» of t m «f]r«t«l «9«M group l)|» fi»i i i s vvlor solo* 
«ia«« «p« MOfAtoolod nitli tlM ttotal «to» to fom « i ooto* 
tioaioik oosploi Uli<Bg9)g] ^ * wHilo %lio oofofidli vsto^ aolo*^  
ottlo voBoiao wMOOVfliiistoA (t ie* 9*1o)« 
3*l*t ti8U4i2kll 
UMI iMpto liyisneloi ioU of fonnnio i«o» f080^*7820 to 
aoaooltiilo vltk i^ ooo iroop ^r»ii*t«|r o||| oai ooU iiftonoUaOt 
i^ • U.Ott t, \ m ••SO? Sf i^ • 11.041 1 vitti four UwmUm 
valto i » o ifldt ooU* fflMvo tfo t«o «ifforoal typoo of to 
f o n o fooo oooAfoi ovroofoaoKl C114I* AH ollMr O IMM U O 
l»*o«iii<rol«it vslor MOIOOOIOO oiaoii «vo oitiMtoA «l iiffo»» 
oal 0| o&too of %ho otfolol* flM fowr Aifforoai otvootiBUPol 
mito of tho ooll l,o« tiM too «iffovo«l {fod^Olg]'^ oo«o<» 
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2 * 
tuAmk, oa* 90^ %9%rwSMivom and tlui Mnrwitli vftt«r i»>l«eal« 
n o t IMMfdiflAtsA t o F« i o n s * 83P9 UttlCtd «0£«tlUIX' tUfOtSI^ 
H»i»(»a8 {fig. 3*2) • 
%«a.oas« to the ffi^iio«linle tOass vitH &9&^ wmw t^^trnt^vy 
cfiit tMcvlafi 9%gti^ t&ol««»l«8 Sa «. oait mlX» ttm mil 
atmrnmiotm wfi m^ «* 14.05 t» h^ * 12*85 %$ 0^ * 11*04 S 
aoA 0 • 105^24** fh9?« ftft tuo tripM of «X7Ctftl2A|?rapltl«» 
CftJUjr iafttulTalsat Co 1OB» £122»1S4I vli&«b ar* 83,ta«t«A 
er6 tlie e@&t9«8 of tjsvensioa of thm eryeiifik^ f,mh m^tiXt ion 
tm mxrems^tt& ^ slf: «stor i^Iaonlfts mi thne foms &^ 06ta« 
@f3fct«ll«grap]iiei^3^ &n«quiTfiXimt* 
3.S«4 liafliiftifl 
Diffmurtioa tl07t11i3 ••ttMi»«M«nt« «m thiv ersrslal. h»f« 
•Iwiai tbat tli«r« WP« four fovkulft units IA tli« ualt Mil of 
mtO^.ttj^ tolflsgiai to tlio totvogoaol' olooo of c j opaoo 
gfony qrwMtiy* fluiro la o otooklac of o«u»l mmboro of 
Cll(H20)^2^^ ootohodm ooA 8O4 totrohoAvo t115J. fbo mmp^ 
lox 10 fomoA duo to tlio oooidlAotloB of olx votor aoloottloo 
vlth tiM BOtal otoa. All tho sloao avo looatod «t tlio ««BO» 
wwl poUtlOBO. flkovo oro thi'oo elooooa of of^rotoUofrMii* 
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fbm iS^eo^mf&jP ^20x^9 to tli« aonoeiiiiie elmmt 9f 9pmm 
grottp «pffi«tiy C ^ vi th 0911. aiJMmttldwi* n^ «• 1CI«0?^  St* %^  m 
eoll* <nMi iitfiiot«90 &otuil»t» of ao^ tei%yiii!ioiva and eolndlt 
aim«a»iQii8a &•% irovl£ of Hobcmas i\%21m fh®r® e^ *® tuo tr9«« 
of e:qrtrla21og£% '^&lee3l3r d i f f c r t ^ Oe^ "^  iosui i ^ d i ure Xoo«l«A 
at ttfo diffextent ee^t^ee of iiiv»rt^&a« IH I atlier actoas »r« 
at ci^ ^^ srtsl posltioak&» 
9*2*6 CQ8Q|«gg^0 
maXtm i» » i » i t M i l * fbm two t|np«« of ia«qtiiTal«iit OK 
ion* 111 f t 1131 BXNB oltQttlciA at tvo &iff*r«nl epooleil posi* 
tXm&» iiMifWttA&n lijntBQtfy) • A l l (i%h»r atoms wtn ftt fi«a«i«l 
poaiticma, ftm atviieturc aa a viiola la an aggragala of 80 *^" 
aaa (0ii(R20)^]^^ iaaa « i ^ tha tlt%h vatar oalaatOa vaaa&a* 
ing uaaoovAiaatai to Oa^ i i a . la«lL of ttta iBa«tti*valaBl 
&ar iW%M* 9»ta) ia aarvoanioA 1^ a aaarly ragular o«ta» 
hadrott of oxygoB atoaa» fOar of am.A balaag to vatar MiXa» 
ealaa vldlla t te othar tva ta 8o{* Utm 1%%$}. fk§ ftf 
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ftXlm 9.1 givtt t l » mmmaaey of tli« eiyttalli ign^ldo 
fh» ^fmmtfm of niSiQ s^TFg^ "^^ ?«^^ 91920 hm^ Tm^n 
ao89ril)«a lA tomo of 3H phonatt wMwm i^mr^tm tlii;l of 
t?6EQ^m7&2^ ^^ toxna of €48 phOBOA BOAOO inel^tliiai; 5 eoooo* 
t toa l f^ ioiloii in emh O J^NI* ?lt« f^ozi^ n so##it 3» 9».<^ of 
84, t2 ft 12 3P0tatQi^  (il%ir«sloty) atjsfi 12, IS It 12 tWksiOtmtoriP 
fiotos of HgC ssoloemlos, SD^ ions &^ ^Bsp}^% iR^i'^^^}^* 9 
K» m S i or Fo retfpectiToljr* 1t» tJ^nslfrtofjr SEOfos of wstor 
iaali»€nt3^ & &m &sl^ duo to imeoov&iiiatod watoF roXeonlito 
«lil>Oli do asot participate in i!it-' »e»pl«x fonseitloii* Th# 
tvimoladozy isBoaos of idx oeoi^ia^iiA mttor wiXoouXoo hsKfo 
l»o»a iaoluAoi i a tho moilofi of thm complex* TIIQ foxneiotiott of 
tMit o(mi^ lo:c lo otlAimt fx^ o« Ulio o«:r>tftlI«gs«3ribio dotollo oa 
lilMM ooltfl (ooo.StZ)* Tlio QJUooiflealioA of 648 plioaott 
KOioB of OoSO^ T^flgO iB 9i<>B« Ml tlwt of FotM)^ «7B20 oxoopt 
ttM.% tlKi wmiihme of piMmoa i»4«« (iskt«m«l, ]4%y«loxy «»A 
troaolfdoiy) lumi Iwoa aonMoA (ToWLo 5*1)* 
flio 4yaaBloo of liSO^^iHjO, OoiO^^tt^^ ""^ ^^"^ *^ 
Ott80||.9B20 o«a bo l^oooM^oA roopootiiroajr I A tomo of J^t, 
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97€ anA I2€ 9lioMm M«AM« ffh« e] j iMi f i««t l« i of tlicM 
ptumom • •€ • • { l»t«fn«l.» l i l i fsloty aaA ttwuilslofy* A«« %• 
irariott* tt«i«lit««Btt of tiM orgrotftX* IUEVO Won mmmsxtrnwi, 
In fiOiJUi 3#l aai hmn %mn ««i*fi«a out uidyig %hi$ mMM ttoU 
aoA oito oyittotxy oppiVMiiM. 
f to gmi»T9^ p»0«Aiiro foSlovod i n t to oaLaeoifiosliott of 
plionoii soAoo uoiae tlilo eiotlioA liao ti»«s a&oousiood 1^ dii^tor 
Z (too* 1»9*t)* faHXo 5*2 glToo tiui oynmtysr olftimiflosfeioii 
of 924 j^ io&on ttoAoo of lllSOu.lBgO uolag thio sppToneh ao oa 
ili iuili«tioii« & olB&Xfiir olftMifioatloa of phxmim modoo of 
otiior oaXto nskng t2iie appipoooh hae hemk oazrioi oixt Init io 
aot ittolittfiodi l a the tosicl tor 1»rovlty« ^ o totnl i»»%07 of 
twmMlaM99f aodoo tiao lie«& olitaiiioA ooni^ioriiiii H ^ nolooolo* 
S(^* i«a aad aolal aloa CK*} ao ooparato otvoetupa^ ualto 
viioyoaa Ubraftoiy noAoo lisflro IIOINI eaXoalifftoA ooaaldoilat 
poljralOBlo fffm»99$ i«o* R2O aoXooaloo anfl SOj ioao aa 
aofaralo aolooalar lAtatiUoa* ftm aaaWr of pluiBOa aoAoa 
liolowgtBf to Aifforoai ayaaotiy apoeloa liaa ^ooa oalaalatod 
miiag fofaiala ! • • aai l a riioaa ia tlio oolaaaa ?# 6* 9 oaA 10 
of t M faMo 3*2« Zt l a to bo aotot tliat tlio traaaXatoiy 
aoioo of oooallaatoA watov aolooaloa haro booa laoInAoA l a 
tho ao4oa of ttM ooaplos. Sao to ta ia foaooa» tlio tota l 
tvaaalatoiy aofloo hmww favtfeov iMaa olaaalflod lata oxtoiaaX 
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imoooidiAttoA n^O) «iA lat«nMi3. A Wrfttorj moAwu mt tim 
empUau 'm.m elA««iflealloii htm ^MO OMpXtttA 1»3r ooaai* 
a«ylac 0o|* ioa aaA H^ O W9limmd99 MI atonie imitt I ^ T V M 
tit* eeap2.«x Ci£<*<B20)5l^ ^ «• « taoXtoalior unit. 
Bie Gorr»If)[li9ti li«tv««ii ii0«Gi«» of t&te ffdd tsolmeul^v 
gx««^9 idto flgnmctvf poixsl group ttod ti^t assrotsS. in^ moo sfo«p 
of aiBQ .^THgO hso Imiaii givm ia 7aliXo *i«f»» irlero%» m^bXo 
3*51» vopsvMSito tho oorfoSatioa difii^ raa botw®«a tlu» froo 
ittoXtoul^ BPfmpt the s i te group mi^  the f&BtQT group Cory««. 
liftl Bpmtm gfoap) of Ou^ .^SlfgO for tiMi iatoroaJL siodoo of 
ao|*» KgO ana (OnCH^ O)^ !^ '^  oos^los* faliliO ^•4» ropreomiliiie 
tilt oSAiwiifioatloa of phimoii siodoo of iii^^*7HgO uilas %MM 
approafiilif Imo tiiron Aivtaofi into flvo MOtloao. ifoetioiui 1 * 
IX ropvosoul, roopootivoajTi th« oliMBOiflealiott of 84 iatov* 
aal ond 84 llbratoi|r sodoo of itoiroa imtor BOIOOUIOO liilklXo 
••otioao XZX and X? roprooont tho eXaoolfioatloa of 36 ft 60 
iatoxttol BOdoo of sol* iOA Mad ooapXox tlli(H20)^J^^ voo* 
pootiYoly vIdXt tiM laol oootioa T latiltidoo tlio oX&oolfleoi* 
tlott of do ostonua lattio* aodoo of tho eryslal* Tho totoX 
ambor of phoaoa aodoo oMolaod Itf tMs aothod la tho ooao 
am that froa tho iiait MIX appvoaoh. fho aodoa that havo 
hoooao XH aotivo oador th* faotor groop a&oXjralo bmro hoaa 
aartEod ia th* fahlo 5*4 lor tho oyahol ^^ 
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HiaO^^TBjO, Fc^S .^TBgO* 0B8p|«7820» I180^«€820 aiiA 0o80^» 
OE^ O lt«v« %t«ii MoovAsA lA n r a«t«ls on ?I»921 ];» t i iMtfo* 
pliot(mi%«». Sine* t ^ Oa««iat {Onm^^W^O) uaAti^ gOM «et ion 
exi^Qiigii vltb ESv, i t e IE #^fiist9un baa beta r«eovt#A &• • 
fliagl« tbift evft^aXWm plat® of tii feir wm aSjm* Ttm «p«otrfi 
of ftXl «&««• stilts haw t)e«ti sf^ nm in th« xwilona ^300*?800 
mT^ m& IS0O«46O «» in fig«« 3»5 aa^ 3.4 2»iii»0Ctlv»ly» 
Zn ov6«v to f s H I ^ tli« IE olisojnmtioise of ^anilfe fit sX (1!573 
tliat l»iS)^*6BgO ^la iiim}^«7EgO isia«ri^ mi. Im. ^xt^mngtt v i th 
8BF iBstriXt «9 Toeox^ oA ^ « £1 ai^ aotz^ a of t&efie esilto in 
mijel si t l l also. 4 good aS^ilaritir ^otwetn tlm tm spxietsfii 
•ngecoste tlio atooiioo ot aiiy ion oxoiimsgo b i^m!!?n pot»8ait» 
and niokol tosm vMeli i s oontra^ to tM nM^rm^tXmi mn^9 If 
imik «t o l t%3% • 
'Bm infPE^oA ai^ootni of SiBO^vl^^^* Gom^,$Ki^O snd 
CuSO .^SEjO in t)Mi 400*90 on irogiott henro Imma, TOOOVAOA in 
tli« poljfotlijrioao natvix on foiurioi* for IB opootiHt^Mtoaotor 
n^voiui thoiio of FoSO^vTHjO, OoSO^.TIjO wA liiSO^^iRjO in 
tho o«BO vogioii Iiaro bottn roeovdoA in najol a a U on lootom 
X£«11 ^poolxoi^tonotor (149J* 1!!MIIIO »p»etm lifliro ^ o n 
idMim in Fig. 3*9» 
Sttt to tlui ovorXoppittf of ooToroX VaAo olNMnroi in %hm 
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r««io» 9600»2800 « i » tlMgf Itcftt %••& v«M&r«a Mmmali^ 
iato SB •ptlsnt BMiter of lorcotslMi liiK^aA %«»a« ( I I I O I A Igr 
taroltMi l i n t s ) , fha o^teivsi trmgamMiMt imT ) sOonfirltll 
t h t i r f » U vidtto at Half tba macimn i n f t s s i t l M (f«RKX, 
mi 
£^vm ') axifi paak iiit«&eiti«» (Z*) aaasureA oa an arMtinxy 
Ma l t fsi^ a thair aasl^Kaajata Imva Haaii glTan in %h» TabXaa 
3,5 to ?. I0 for MiBO .^THsO* FfifD^.TRgO* C9l^4«?H29* H i ^ ^ . 
CBjjdf Oo^^.tt^jO aaA Ctt^ ^^ S^H^ O vaspaotivaif • The «fw!b9lm 
V 9 ^ SB^  t ataud x^a^etlvaly for tha iAtamaXf li^xntoiy 
moA timialfitofy mofiao witli the ataparaeripta «» a aaa o iadi«» 
aatijag tHa moSea ana to v ^ a r fNilaoi}la8» 00| ion anft ^mp* 
las Dt^ CE^ OJgJ raepacti^^l^o !l^t ^^ s^a f * des©t® t !^ 
raapaetlva foeldteet wigsKiar »»!'• twlf^ls^ 3ll%r«itl^ iifs of vatar 
fs<ilae»la«« 1%© eiyetallOfT^^plsliwiUy ina-nilTsaettt w^tty 
iM X^afsnilaa liwwi INP#II daaif^ nn^^^ haya* fof* out* ooiJVc®i€?ii?a» 
aa HjOIt Ig®^^* H^OIXX, • • • ! )« ieaoeadiee eriat» of tAeir 
E«>lhoiiA at»m«tlui, Tba ftaf^naiiaiaa HataA in ^ a taMaa 
Italav 400 fltt iMira hmtm takm fxtns ttia apoetra yaaof^aft oa 
rXlt*90/^akBMa Z1«I1 «liai«aa thaaa alKiva 400 AM*^ OH PB«92t 
apaatfoptetaaatara. 
'*^«^ llllfffaiilt M t^W t l W4 i l l 
Tte S0| ioa la I t a fraa atata teXaoca ta tlia tatra» 
hadval (Tg) afsaatiy haviac faar iatafaaX aaAaa of vilwalioaai 
V|9 Vgp V. aaA v^ (aaa* f»f9)« Jmong thaaOf onSar tlM laat 
taa taiyly aagaaavala (^3 * V4) • • < • • ara lafvafai aativa* 
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flMi firvl ««o (V| * Vj) »od»a «r« XE forMa««i C29J • B«l 
iA til* pvtMiit eaM ««• to XovtUac of tlio lynMOtfy of tlui 
iwi to 0| (tfliilo 9*1 )• t&o V| A v<^  «o4oo hofo ^oeono II 
aotlTo (MuelBtA tf f' ia tbo fiAlo 3*4) suad tbo do@«ttoraoioo 
of tlio dogtB^mto noaoo (v^ ft v^) hato iMieii liftoA (folilo 
9*4) • 
2* 
T&e f^ iaaaBtoataX Tlbrtttiati^ froqu^iaeioo of m^ ijsm in 
i t s fr«0 otato «r»f ^ 1 , 451« 1104 mm 613 «B eo2^ p««|M3a»ft» 
tag to tibio ro»sitctlv» v^, Vg, v^ oaft f^  KO«O« t^l • Ja tho 
prosost 8tudi|r» tho si0««dgnR@zits of v^ it. v | nodoo sore ^miisiM* 
ediooe liooanso thejr f A ^ IJA tim fsmtum&i^  w^Dgo It^^isg alJBOSi 
iio ovox^ Xiippiag vith any otltor eiodos* ftm rtmnSiMnB t«o 
fv^ 4 of) noios f a n in tho li%x%tdxr »odfi f)P9Qiiii»i^  i^gioa 
of Ujp molmmiljim mtd thoir iiSiiigiiaHUit»» thosrofoanif tii?* «omo» 
vtittt iMRbigiioiiii* M9Wfwmp9 m rmmmm^liSf idontifloatloii of 
iibmmi modes liftfro t»e«ii luido on tho Imiilft of tholr Cv| tk v ^ 
<dMurftet«ritttlo fro* loa firoquaaeioc »Kid irtiovpiooti of tlio 
Vaado* 
3*4.1.1 V* fi>dv>* • ^ f i 
Oerroopoodiafi to tho v" aodo of 80^* io^t «• hmm 
olMoi«vod m wook A Oliofp Imod at 990i 9e9t lOlOt ^ 3 * 990 
and 900 «i*^ la tlio roopootiiFO iafrarod opootim of iilSO^. 
THjOy FOSO^ATHJO* OoOO^ T^BjOf SlSO .^ttjuOt OoiO^ niHgO nod 
CttiO .^Sij^* fluioo o%oofT«tioaa «ro ootrotei^tod I17 tlio 
80 
A sorv^y of th9 lltcfrntuv* f«v«al0 the osi8t«&M of 
diTorgo&eo obMvratioiw tgr vmloai norker* for ttio v | nodo 
in tho spoelvA of Mi^ .^TBgO* iiOO .^CltgO sad CaBO^ .SRjO* 
£0 thj& Eflmaa speotvom of li&CMI^ tTIIgO* I»i8i tf4ai ata not 
otiMrvo Qogr baaA for ^lie nodo sliereas ^mmtliaimriQraiiiiii 
(f99J roport^ fivo hmi&B s6 iao$» ll$8t 1140 10^ II 1059 
«K*^  for tM» aodo* Xa ito ial^ fttrod apeetroe* Eoao CI40, 
liad o^iorroa inOy ez^ ® IsrosS ^aad at 110$ mT w&eroas ^«iiiti 
ot al (197J roporlod tvo ^ma® tet} 1196 ^ 1096 « * « tn tiio 
klaooa epootroB of tiiOO^*6^0f Sehaofor @t al. £1461 r«oo£^«a 
««o banas 6i 1116 a 1111 oa*^  ^loreiis Jeaik et e l (1371 
roportoa oalar ono baai at 1110 «Bi*^  ia i ta iafrarea @p®otriai« 
Oaoala ot eX £1493 g&ia Soaisfort (1$1l roportoa tvo 
baitftat rosptetivoljf at 1146 t 10119 e»*^ «ai fit 1095 ^ lOBf 
OB*^  ia tlm Hwiaa opoetrua of OaSO^ .SH^ O i^oroaa !!«BO (61 
m& Haaol k ROM (1391 roopootiTolar o%B«nr«a thraa baaaa at 
1199f 1199 * 1100 oa**^  aaa at 1190. 1099 ft 1080 Oi*"^  ia ito 
iafrsroa opoetnai. Forraro (1991 raportaa a liroaa liaaa 
aaar 1100 «a*^  ia tlia iafrsroa •poetma of Qiao^m9RjP «aa 
ooaoa»aoa tHat tko totraluiarol (f^) oynaotty of So|** imi ia 
rotoiaaa. i^ Borgor (1941 lwa» bovoror* wtunm after ataayiac 
tiM povaoroa 9mpX9 of Caao^ «9H20 tliroaiii iafmroa 4t Saaaa 
aoaonroaoati that tlio triplat atruoturo of tlio v« aoao ia 
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&t« •ptttvtti liaA arlMM Avm to thm ehtBioaJ. vemetlTltjr of 
C»» talt vitli KBr mA C«B:P visAovs* Ho (15^3 ftirtlioF 
tooovdoi tilt lafkwroA o:ptotnn of tlio oftlt i& tlio fom of 
exyotolliao 9liitoo» isolated ffo» Q9^T wimUmm t^ a f i la 
of iisTftffi&f i t S90 S ft 100 S 6xta o^iftrvoi e %r9«ft toitJid at 
tlQO mT^m Xt, tiovoror* okovoi ^i*«« ^i^tiaUf roaolvoA 
besAo lit If40t 1075 t 1025 «B * Frcm tliiteo olriiefvjilic i^io^ 
^o eoiieXi2d«A that m^ ion osmtrioeeoo reXntiTolsr X^rgfi Aio» 
tortioA from Ito ffio otato 9^ i^ rsimotvy in tlUlfi Ofilt* fhie 
ooaelueioii imo a2jM» onppoytoA ^ ttSji |15il ^^ om t ^ eiaglo 
OX^itllX ESBSSil @0S0QUniffi0llt8« 
Xa tho prosesit txifrM^ etu%v tli© tiwe® foM Sog^io* 
c^ey of tlioo)^ ttoSo io ooBpSotolsr Hftcd vlt^ lt@ oompo« 
sitttitll ftt 1150» 11^0 & 1060 0»*S 1160i 1140t 1110^ 1090 
mT^ moA llfiO* 1140 1^  1100 mT^ in tho l«iaD^*7^0« FoaO *^ 
THg^  *>^ OoSO c^tt^ ^ vlitroiio i t i o paftially T9mmm& in tlio 
0thmw rwmtOLntm mlto, i«o« OofJO^ .tB^ O* MitP^.flgO ana CNiSK7^< 
5K^ 0 (folbloo 5*7, 3*8 * 9*10)« AoeofAiag to tho faotov 
Ippoap aaoljroiOf tho oplittiim of tlio v! iio4o iate throo 
oonpontAto aiiar ho oxplJdaoA duo to tho i»tv»HBo2oettlMP 
iatomotioa vhorooo ftarther oplittiag of thooo hoofto oooXA 
ho iiio to tho imtor^aolooalMT ooo^Ujog* 7ho pvoooaoo of 
foor ooBpoaoato oorvoopoaftlac to tho vS sodo ia tho XH opoo* 
tnta of Pot0 .^7B:20 io aoot liholjr Aoo to tho iatofNooXoooXftr 
oouyUaf of 8o|* ioM. 
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ff mpsMitt^ ae* of IE forlddami i^ mo^w «ad tlM Xlf l iac 
of %h» dogoaonuijr of v j »odo jLAdloiitoo tliat Sol** ion hmm 
aadorgoiio » Xiiuiwp dtotorlioa f^ poa tbo 7^ r^isoMit^ r i& A l l 
%iw oaltft uaAor dismiasleA* Bovoiro3P« « ooaj^ ax f^ttivo saa^ 
Zyoio of tho d«te& roiroiiXit t M I ths dlsliortiOA is tho giroat* 
•St i& tlw CoSO .^THjO oM th» loaol i n tito CaSK}^ «SBgO« Tbio 
iafovoiioo la batod on tlio f t^t timt & la^rgv fx t^udsugp shift 
( 29 «B*h i s obotrroft for t&o v f moaio iA tlio CoBO /^ 
frost l i o froc ios froqaoniif C'^ ^Sf OB ) vliaroas tBs emsnpon* 
Mil 
pmaAim ttiiift i « of tlko ordor of '^ ^ I QB i a th« Cm^^^SBgO. 
fho masisuB aoparaftioa C'^ TO oi^b %atir«aa tbo esctveiio eon* 
pottonlOt ariaittg duo to iiitx^«moloouIar ooupUaii of th» 
tliro»»folA doi;«iiorato v ! sioda ia tlto IE aptetme of 4»iS0^ « 
TEgO aaggesta that tlia iatra«@t9l«0tti!up ooaylixig of 00^* ion 
in %ht9 aalt i a oonparatiToljr atvoageF* 
5*4«f.2 Vj a i l >>? Iffilitt 
Tiio coidaliaa for tha pvdpwp idotttifioatien of v | it v" 
iiodaa* aiuiali orarlap irith tHa lil^ratoiy sodaa of natar Bola* 
oaloa i a th» ragioa 900«400 «• • i a tliat tha Ulnratoiy 
ttodaa of vatar aolaeulaa ara vaak aad ¥road ilMraaB tim 
baaia balangtwg to 80^ iaa ara ooaparatiTol^r atroas and 
aludpy. Siaaa v{ aada ia za foiMlddaa aadar parfaot tatx«^» 
iMdral (f^) afHBotfy of 802 iMit i t wm apyaar ae a waak 
Haad i a tlia yraaaat aaaa daa to lovaviag of tha ^raatatfy of 
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< i « . . 0, ( ,*.! . , . 4 , . m . . . U,fr^ « . . . » , t 
liiiO^.TBjO, f«S0^*7K20« (teSO .^tt^^ ^ OuSO^ S^BgO^  «• lMEf« 
0liMXT«A f««p«e%iT»2ar ••sy W««1E buiAff al 450* 490f 41^ ^  
490 «• MA tilleri tli«i«tor»» ii«r« l»««i attiltoBt«A ^^'^2 
ao4« of 80^* im* Vo iMma has hwu O1>MST«A eovrti^aiAljie 
to tliio soAo in tlio IE &p9e%tvm of 09W^*Tf^Q* tt aoyi 
t^t«f02^t ^ oy»pt«&atio tor tht loftot nagalav Aiotortitti 
of 80^^ ioB ia tldo oaJlt fms i t s p%Tfme% t9i%miAm&mX (f^) 
iSTttsottgr* Si& tlio iaftwrofi opeetms of JsiSO^ f^iCgOt vt hw 
oteowoA ft voftk ana brosA lM»id (fWHIIX « 60 OB ) ftt 4 ^ « " 
oorxoopoMisig to tliio (v") aoao. ftm ^roadaoso of t ^ « "ba&A 
msi^ l»o oimli^ AoA ftmo to i t» mlieittg Fitl^ mt^ r of tiso 21bf«tof7 
moAtir (R« t or f) of wmtoF sioloonlos* 
m ttm infreroA opootrus of CoaO^ T^Hj^ ^ Hassel ft Eooa 
11993 voportog oaly OA« lia^d mt $%1 «m oorroa^oodiiifi to 
tlio^vj ao4o of 8o|* ioa« Borgor £19$J IMO oboosroA a idjoiglo 
otiwag bonl si 612 OR in tlio i^tmmk opootmn of tSu^^mWfi 
n^iemm iooo (140J iAoatiflod thm lunula at 699 t 999 «R ia 
ita iafravai a^aotvaa, Za tlio praaaat atudr* ira havot ham* 
avort o^aaxToi Tory t^uaep ^aada aon-aayaadiac to* t!ia 'Jj^ mtAm 
of 80*1 lOB ia ttia lafvarai apaotra of COSO^ t^l^ O aa6 Oa80^ « 
SIljO (Yig* 9*4) • la tha foxaar aaXt* tliara ara tlivaa baaia 
at 670, 690 * 610 aa*^ vltH tVBNXi 20» 12 A 10 mT^ (faliU 
9*7) raapaotlToljrt viMvaaa ia tiM lattor aalt tkara ava taa 
teada of aaiian iataaaitlaa at 790 (fWOlX » 20 mT^) A 670 
34 
mT^ (fVHKX « 15 »*^) in «£6itlom to « etrone ^i^ l»roaA 
Zt liMi %t«B •ataWiliHi •as^ UtiP tlmt tlM sssffnlar dl»-> 
tortioa of SO^ ** ioA in GoSO .^IHjO i s tlio loMi, l^o ihlfl 
^ $7 mT^ of tHo 670 mT^ h$mA frott tlw vj f»oo l« i fro* 
^oaiqr of 613 mT^ dots not jiidtifir to MOifii tbi* iNffld Ano 
to ^ o e&gBliir aofonsatloa v | i«>Ao of 90^ ** loa. iRiomfOTO, 
tlM hvaOM at 630 ft 610 mT^ em Do oMNioifttod with tiao 
<a^ ffiodo CfAl»lo 3*7) • On tho soBO grooB^t in ttw OafH)^ * 
SB2O9 i t io not re&aonsAXtt to aoerilio tlio Datiao oD«oxiro6 «t 
730 ft 670 «D t hsfiag mneSi 3^1^ fs^ qiii@iiflQr soi^aratiaao so 
117 ft S7 ctt roopootivoly fi?saE t3it froo ioa f!»^ta«y of 
613 «• t to tiko v j noSo of tMs oalt. It nay futthnv %% 
potatea oat that 80^ ions gssasrally ttaSsri^ o iwi!!^ «ri»tfv«3y 
loso aogiOfir diotorticyitt* Tlio lineitr AistoxtKm of Bd| ia 
tldo oalt ie tiis 3.o»0t*« So tlio !isa^ oDtiorroA •t 6S0 mT^ 
SM %h9 IE optotfiA of CttBO .^SHj^  usay ofily ^ «ttv4.%ato6 to 
tim o f aodo of 8o|* Ion. fhic 9mBieimm% tm eom>tK»rftto« Iqr 
^. Boiyor (116 J. 
Z» tlMi otlMiF roMdaiaff aaltOt tao ahiury liaaAtf oboonroA 
•t 636 «B**^  638 (ah) ft 631 o i ' S 610 mT^ m& 640 oa*^  ia 
tlM voopoetiTo lafnuroi op^otyo of liiao^.TEiO. FoS^ ^^ TH^ O* 
* flM v{ aoAo i t aoaooiatoA vita iMith oaaaco la koad 
Xoafllia tad %MA aagloa* 
6-5 
•oa« of 8(^* iM« 
Oul of tlM %liF«« i«l«z»al aod«» of YlMHitioc of a firoo 
wfttor BOloeiOoy tlM •ysoMtvio (v?) foiA fuiti^agnaaotflo {vfi 
mi 
otrotoltiUig irifevstioiii f a l l ivopootlvolj «l 3697 & 9796 OB 
ihilo tiko %ooiljig (vg) ttoAo of vitostlOA lino n^ omiA 1600 
ai**^ « OooM^fxttly* tlio iafraroA opootfm (fit* 9*3) of s l l 
tlio bsrSvfitoA oalto imaor Aioeiioi^oft mm lilcolgr to osiMliit 
i^ ]^vtoiaM.o ovorloppiag of baiiao in tho CM* etrotoMae (v^ 
a vS) ro^ott of tho vator isoloeiiXo Stse to tlio proeonoo of 
mpmroX vator aoXoon^o aiseoeiatod vit3i Siffof^nt H»^ oii& 
I^VOilgtlUi* 
9«4*2.t ^y Mtfli F? ifffflti 
Tlitro «ro mwmkf tlup«Op s i s aiiA fivo ex^^allAgra^bdl** 
oaUy itto^vivalottl imtor BOIOOVIOO roopoetivoly itt li"SiO^ * 
TEjO (W* » l i t 00 or Fo) t iii80^»ttt2^> C^ SO^ .CR^ O and CliSO^ * 
!SL|0* Aooov(ULim(3ly» vo oi^ poot fowrtoottf olXt twolvo 9sa& t m 
iMttio A«o to oyaaotrio onA oBti^oyaaotvio otfotohiag aodoo 
of votor aoloooloo in tko opooirm of roopoetiTO oftXto ••»» 
tioooA Obovo. Sororol ovorto&o oaA oonliiantioa IMUDAO vkitfi 
aagr oloo foi l in thio rocioa ftortlMr IAOTOASO tho ooofploaitjr 
of tlio opootvo. Tho Aifforoat vatov aoXooiOoa haro %mm 
dooi|pM.toA lM»o» for oar oottroaioaoo* ao B20I» 820x1» BjOIIZf 
• • • i » A^M^aAiiif order of tholr fi* ^oni otroafftlui* 
ZA tlto tafiPofoA m^oetrft ( f i g . 9»:9) of t l i t liopta* liyA* 
rstod oaBo of &U9 7o« and Co* ia tho vogloii 3600<»3000 « i * \ 
«• obsoirroa roopool&roly oigbtt iiiao ond fivo ^aoao (faliloo 
3*9» 9»<l S 7*?) irlioretMi SM tim iavtM^hs^m^^A oaXto of H i * * 
C9*» fiiro «»A ton bmtfts roo^^otlTolart tioro olioefrod* Xa tlio 
IE sptotztti of C«tS0^ «!SK2^ t v» olioorvod fivo ^aaio «i 3480« 
?390» 3200, 3tOO mA 29S0 (sT^ (TaDlo 3.fO) uliilo imtmorarft 
£1381 rooordod throe hm&a at 3490» 337i & 3210 OBI*^ aaH 
GiBSO C@ m.& F^rrero ^ ¥&lleer C14I2 o^eerroi ^xil^ mio bsooi 
et 3 4 ^ «B*^ ^nd 3i90 esi** reopooti'toSjr. Bl«t ot eO. Cf44l 
l>«rf9smoft « d«tfiS3«d st^ ad^ on tlm imtmrmiX moSe© of t l ^ 
iTEter Bdioeiiloo in t M a BeHt* fhoy roeordod t&o is^^ifirod 
opoeiro Of tho hydratod- aad doatoratod- ealt of om^.m;P 
«t rooB oad Uti i id Kg tonporataroo on J?H»$21 3^ apoetro* 
pliotoiitftor uolfm amJoX wnll and t l i ia f i l » to^wi^iwoa* t& 
tlio TOOK toi^oz^taro iafTorod opootniA of tiui lifdrstod oeltf 
tiMOr o^oorvod tluroo bnido st 3480f 3400 * 3390 wT^ irt»roM 
lA tiio low toMporatttro XE q;ioetra»t ^^vee tiando «»ro o^oortod 
«t 3475, 341$. 335$ A 3220 mT^. 
fho iNyido olmwrvod i a tho roglea widor dlo«uMiloB ia 
difforoai apootro horo hooa ottnhwtod to tho ^ynMtrlo (iJf) 
•ad oati^ayaaotrio ( v ^ a t rotAiaf aadoa of dlfforoal typoa 
of wator aoloottXoa oa tho haaia of tholr H* hoad atroagtha 
S7 
(faliXMi 3*5 to 3*10). The ftnilsiiBitats tm glTisi ia tli« 
tablM Kf iB ft Mas* tnlt« arbltrafjr. Bowvircr* tUt v t l l 
iGaoufi faot tlimt sferoagtr io tli« H«» tieoMiifii gr«A%«r H i l l 
^ tlw jtir»ttMaey ibifte of tlit itrtteliiiig ^im&B fmm tli«ir 
ffto ioa Tsluosy luM bc«a OMA in tlMM 66«igfis«at«« Gtmw^ 
Qtttatajr, tli« gr«a;l»«t (ihifts for •tr«tfl3iiiig freq^o&elQS wi l l 
IMI olMMrvftd fox* KgOI in e l l tint salts* 
!%9 «fiy»(itttrai Aisim C116I foi* l»i30^«I^O a» gUraa ia 
«ii9 fal)l« 3»tt le f^vtal that HgOI moloeals eifliiMta ooaaidtr* 
a%l§ i%fl^ FBm«tf7 vbils 1^311 nM EgOZIX nolneidLsa are tgrnMit* 
"^10 to a good approsiisitlOB* For tli9 lattsr tfpt @f imtar 
uolaonlta, v^ S v^ trafiimioios ara ralatad to aaeii othar* 
^ th ia a maaozialbla aGOQracgr« ^ r o o ^ tlia oapixleal ralatlMk 
£1531 
(3«57 - v p - 0.8533(3t56 - v^) 3.1 
gaaaagaa {1993 haa alaiiat a ralatloa Wtvawft v^ * v^ fra* 
tVMiaiaa far aafaaatrla ^rpa of K^ O aolaaolaa (HOB • • • 0 ) 
lunriac aal/ aaa IqrArocta ataa iataraatias ttooafii H* iMnda, 
Bavavar* ae ralatlaa la kaoim for tlia oalaatilaa of B2OZ tfp^ 
aa tluira ara aora thaa aaa liydrogoa atOK iataraatiag ttoaai^ 
I * %0BAa C691 • fha atratoiulac aoAaa of tiiia aatar aolaeala 
(IjOZ) liava» tharaforat '^•mk taatativoly aaai«nad on tlM 
%aala af tha alaarvaA ]d.^iaat fra«a«aay liiifta froa thalr 
fraa atata ralaaa* flM WaAa a«t ta B^ OXZ and BjOIXZ Mola* 
M 
9«f) aikA tskiJig iato ooiuildiiraltioa their r»l«liY« B* hmni 
?lamilal axiA l(e034il3L8a £723 heft oMaiatA R oovMlftlioii 
aiagTMi ooluwetiac tlM OIISMTOA fliifl* of tli» etrtttHiac 
fv»«a«Bei«a tnm timtr trm K a^t« Taints vltli ttyflrdgta o^aft 
l«agtbE rto-H-.-o' ^^ ^ "^ ^* r9t9ir to oaqrgofts of vator solo* 
mOtt auft m>|* rosj^etlToIjf) for m i^rgo nm^r of aolooolo** 
Using this oerrslfitiiHi aiagrist a&A with ths hsip of ths pro* 
sent assigiBMats of strstohiac frstii«&eiss» vs ostiaatsft ths 
H<» hooa issgths <0«R**«0*) for diffsroiit vatsr aoleetslss i& 
fill ths scilts sndsr sttiSy* l^ hs ostiBntsd Tslttos art fonaft 
to he ia gooa Qgrssffisut, nitMa sXaovahls errors, mth ths 
oorresj^n^ag oass kaowi tmm the ex^rstsHogrmphio d&ts 
(Sahls ^•11} • Tim devistioa of neesitreA CMli«««a* be/BA 
24NB«ths fms ths rsspsotivs sstinateA ¥»l«es mmy he due t s 
thst e l l the ex^sstsA heads hsvs aot heeii resolTsd ia ths 
preeent iaTestigstloa. Iisv tsniNnrstiars iafrsrsd stadiss 
•agrt ho«srer« iaptore snr resolts mA reaovs seas of ths 
diserspsasies* 
3U.2.2 Id 
la ths iafrsrsd spsstra (Fig. 5*4) of MiSO^ .TB^ Ot 
Fs80^«7B2^ ^"^ OsSO .^IKjOt irs ohsertsd tse heads &t 1670 H 
U90 ea*\ K70 ft fd90 ea*^ sad 1720 « 1510 ea*^ rsspssti^sly. 
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Za a i l ^9m •pactra* 1 ^ fommir WaiiA l a ooayamtiirtlj^ aaak 
•aA liraaA (fablea 3*9 to 9*7}« Xn tiia ia f iwr t i apaatraa af 
CttdO *^S&2^ ^ * ^ lias aSao %wm o^aervaft two tMaOa at fiTO 
sat 1649 mT^ (fiiiXa 9*10) • Sal tlia fonatv baaft l a atroaftr 
OEiA acrtaw (fWRRZ • 99 m ) aliaraaa tha lat ter oa» I t vaafc 
R X !» . . « ( m a n - 90 • * ' ) . l a «»• > i . « » ^ n i t M n i o M 
0Bft aolMlt aaltt (sim^^eR^O moA CoSO^.IBgO), va t&sfa al»<» 
atFvsA aaiif aaa iroak A bratA bead aft 1642 «aA 1699 «**^ 
sraapaatlvaljr* 
Xa tbfi Itopla^byiriit^ aiiita» «lx watar aoaaeolaa ava 
oaovdlaataS to ths w»%^ atoa t^T&m aaa vmmiMm uaaaovil* 
aiittA. Ds; t%t tith9T tm^9 In tba btsra^^orAratad eiiltat a l l 
®la ¥atei* sE$l«0alaa ere eooMlaataA to tba satftl. atoa 
a «f>ap3aa tH»CH20)gl '^^ f H* • I I , Co» • • • l a tba 
CiiSO^.^Ci» fanr vntur isaloetsXaa ara aoaffAlaat«<l to tba Om» 
utom. niits^aa aioa vvBfilaa aaoaosiAlaataA (fabXa 9*1) • Ceaal« 
dfrlag the taet that tba l^ ^aAlag etotioa far the ooovAlaataA 
v&t«Jf aaltoalae w i l l b® aaaoeintaA vith a aaaSJUMP <ili«aia l a 
tht i? dlpola aoB«Kt sa CKm e^raA ta thomi ililflli 4a aat parti* 
alpata l a tha esaplax fataatiaai aa lsm99 aaalc»«6 tha aaak 
A bvaiiA baaaa at 1670, 1670, 1720, 1642 & 1699 mT^ l a tiM 
raapaatlva i^aatra at illM>|»7Bj|0, FatBO .^TBjO, OoSO .^TK^ *^ 
AliO^*tt^O maA OoSO .^flS^^ ^ ^'B* ^^ 2 "^® ^^ oaar^lantvi 
«at«r aoIaaulM, This pattara I s alaa b«la« fallaiMii l a tha 
haia^bfiratad doabl* aaXphiitaa {Oiaiitava XT sHtnA • ) • ftm 
90 
riMitlttlac iMHia* at 1€90» 1630 and 1510 mT^ hm% Umk 
tmrnUfsM to tb« "t^  BoAo of tlio meoevdiaatod vatoy »o2««* 
OttXoo for tlio fosntr tliroo Ho^ ta^ lisriratoA aalts voo9*oliiro2y« 
ftkiit mmi0mmH9$ hmmwww, io mot omfiMni to ^ o goMral 
guidoUno tiiat tlio B* IbonAiag lovtvo tho otiPottililB^ fro%ii«A^  
oioo ttiiA iaofoaaoo tho iMOiiiDg f^^uoiioioo lAilXo tlit B0ta3> 
osari^ oooi^iaatioa lovoro batli of tlios W • HecoTAini; to 
thio oyitori«k» tlio lioiiAiiig n^ do <^) of tSio ooofA&aatoA 
watov noXoonloo (eooydimtoA to tho sotal atoa) oliouM 1M of 
JUiwov tPtqju'sma^ than tlio ooi(Voai»<mdiag a^uA aito to tlio «»» 
ooordiaatoA vator moloeiiloo* providoA hardrogon DoaAiiig dooo 
not Ittflaonoo ito positloii in a onliolaatial v^* Tho tmhi,^ 
goitioa avi^ Lsg duo to tUs oo&oldor&tioi^  of iatoiiidtioo ao 
voU 00 h9$3PQ0m^hmi& and atotal^ oi^ gwi oo t^rdiimtloiio ean IM 
roeoaoilod if i t io ^owiwod that tlio fiotal«>osygoii ooordi* 
imtioa aaoooiatod «itli tlw oix ooordiaatod «at«r tiolooiiloo 
io qoito voak ia owpaHooa to tiMiir B* bond slvoagtlio* mia 
ilOfto tho tHuado duo to tho hoadiac aodo (v^) of tho 
ooovdiaatod vator aoiooaioa ia tho h09t»4iydi«tod oali^ntoo 
ea tho hif^r ftroqaoaoy aido of tho aaoooidiaatod oaoo* 
Za tho iafiwrod opootroa ( t i c 3.4) of OoiO^ .SRjO* tho 
haada ohoorvod at I €70 aad Ii49 oa* havo hooa aaoigaad 
roopootiTolar to tho V^  aodo of tho aaoooi^iaatod and oooidi* 
aatod vator aolooaXoa oa tho haaio of thoir iatoaaitioa* 
Zt io to ho aotod horo that thooo haado aro XangoXjr iafl«i» 
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ffOI la $li« ^00«400 mT^ rofiwft la «bt ovytlal ttydifatiiii £7» 
65»160l» Xn tlift Kaaaa fiptrotva of the 9«3tfi vaAw dlsim*-
dioa» AaimtliimisiPipiBfiii Ct593 ot»89«irfA wrar vtsk It'iMs ia 
tuts Ttgk^A m& u%trl't^9$ th<m to tlio »tilti]^ lioi:ts»a gro'^ 
eaamB* In fhm Azmm. •ixietimt t£ie li^mtoxy sio^ee of vator 
ssoIooviI@8t s^xmwsuXlft Kp^^txe mi weat tmzaSo &mi to tho Xov 
seattaring ptsfmr of wntor t^oltoolto* flio utak itttosuiitioo 
of t^na liMiido hme •^T&tmttlst l^ Mmithoiiazwo^Lsai vrosigS^ to 
mmtm tty$S£ to t&o o<?o?tOAo im^ ogmliS i^etioii aof.os i3f tho 
eosa^ S^ x C {^H2C»52^ *« Xa th» 4afspm?t^  0i>oot»s, tli® «ori?os« 
ponfiixtg lifiiAo, Itomnror* aro vex^ atxi^ of mA t]^ #refc?x«» tli€gr 
liflvo %oiii sittvilmt«a to tlio HMsmto^ stoSos of vntor isiilo* 
SIM to too proM&eo of Mivoral of^r^taHosvaplilealljr 
iBO<IttiT«X«it wator aoXoottlMi i» tlio oaXto xmAw pfoooul Aio* 
oiiooloat tlMiy iafr«r«4 opootVA in tiilo rog&oa wm voir B i^li 
•QwpHoAtoA, TM pt«1llMi io fortlior sagiilfioA Auo to tho 
OforXi#pliiff of tlio h»aA9 mrvrntpQaAing to tlw voeMagt «»Cf* 
iBf Mi« tviotlBf litootioao of oooh of tliooo wttor solo* 
ouloo** It iOf thorofoYOf AifflonXt to oMilgii tho obooivoA 
BoOfe votor MOlooalo poooooooo tlifoo ]i.Vr«loi|f aodoo (R,VtV)* 
^2 
JtmaAm to jrooUact mtggiaf moA tvlstiaf lilnnilloiia of OFOOI* 
floA vator aoXoottlo imaMMgiiowiljy. tluioo aodloo AIOO do not 
folXov msr roXoo rogarttia^^ tlioir rolatlTO poUtioiuiy iiitoii* 
oitioo m tluipoa* f^ mnrifrt mtorft}. oo^lrleal rolatloaOt 
arioiiME oat of aiffovonft mpw^^tmhrntt hwm hwn iatzoaoooft 
in Oluifftor I (••e« 1*14) em ^uiaoliaoo to holt tt« in tliolr 
ttooiisaaoiito* Xtt tho prooont otuAjft pref«'«aoo tma h9m& 
gi¥«& ta tiM ia^totii^tr oxltonoa of Hiyaamm C@4J vhloh 
aliiitoo thut ttw vaggiii^ aoaoo ntm ets'Ofigov in ooeti^ sx&aosi to 
tbm ooxTottpomditig rooldUig modoo. ihxetbmTmve^ thu trwids due 
to tlio foekiug modoo ere gotttnoa^r eonoiaorod to Xio on t&o 
Siiglior fsttcittoiioy ®iSo of tli# eoni*oo^aii^ @% g^iiig aiodoo 
for t±i« ittt^ ptooo H»teo&&«i imtor sol^ooloo* Tim tulstiag 
uMos 070 IE forbiaaoa oad vi l l* t^roforot ^ olt^oir atMieat 
QW t^ipm&T vith iroxgr ^i9*k intonoltioo* It ihoalA ^UH> 1m 
i^intod out ttmt tlio librattoiial POAOO of wator moloooloo 
aoooolidod wltli tho otroaAOOt HobonSixiir vooM hi^t the 
higluiot froquoaoioo la th« pMrtiealar si>«ety»* 
Bvon aoclootiac tlio iatoiMmlooiilar intoroetloa (ooii^ 
ISAf) botvoott Alfforont imtoir aoloouloo* «« ataar •>?•«% itpto 
twoat^ oat Ubntovy %aaAo to oppoar la tlio opoetim of tiM 
liopta-liydvaloi oaltoi M^'WO^^m^O^ K" « ^it Oo oiaa Fo for 
tholr ooroa ovyotaXlograpliiOftlSar laoftaiToioat votor aolo* 
•oloa* Xa tlM lafraif«A opoetvoa of ltl80^»7B2^» Jaalk ot al 
n 
CI97I obMVYti tluw« hmA9 m% 790, «92 * 4€9 mT^ and att i l* 
tatad tli«B r«a9*«tlT«2j to tlit rooldUaig* vaggiaff mi& fvi«tiiMi 
aibratovT BOdM of mitor ao3.«eit3««« 2& tli* Ease^ •pootitai 
^ foSO .^T t^j^ , Eoo CI902 ro^rtod onljr oa« woale Imsa fit 747 
OB . 01BO t& rooordod a \x(mA et 768 on ia tho iafraroA 
spootciSB of CoB0^ *7H20 duo to tHo roeklftg moa« of vixtor 
ffiolootiloa, 
la tlio liliratosy siodo r«gio& of tiio iafarax^ od 8ii#ot3?um 
of oa^h of AiiS0^ «7H2O aM FoBO^ .THgO, la tho profio&t inroati* 
gmtloa, vo o^soxvod tvelvo hmk^n as op^cifioA ia tiio ta^Ioo 
^.5 is 3.6 r@»p«©tlvoSyt lesrliag th« femS® St^ to fsO^  ioa* 
Ilieso a^xiae {$s^  e^ <»ip«d iato ttirno bx>Of»a iiiiveiopii (Fig* 3*4) i 
A oosparleoa l)«tir««a tlio epoets^ of thofii® two ftslts rovoiOo 
tJmt tho Mbratoxy laodos of vator moaoeolo* sprtaA ovoi* m 
a^rgor f»»Qtt«&ogr raogo in tlio &i* ftaXt AS oimpiiftA to that 
of tho ?•» salt . ZB t ^ iafrftrsd spAOtfiw of siao^.TB^O, 
tlis latsQSlty of tiio bsaAs O%S9XT«6 at 9 ^ ft 5tO Cffi «e9 
Mrs thaa ths rsspsstlvs iMnds at 990 ft 490 wT^. On tlis 
basis of tlislr iatsasltlss* «s htm assiipAsA tii« f imai* 
basAs to tlw «a«<iac tihsvsas tha lattsr oass to ttis rookiac 
sodas of BjOfZ aaft B^ OflX solsoalas raspoetlTslar (Tabla 3*9) * 
Zf tliaas vatar solasttXss (Rj^^ «BA • ^ ) C"'** ia^^Xaaa H* 
%salai» tha voaklBc w>6as rtUHild liava hlilMr ftsquiaolos 
tkMi tlw eorvaspoailiiff waegliiff sodas, fhavaforst aasimtJic 
ottv aaalcasanta to ba aarrast* «a nay lafar that tlia B«>tanA<» 
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tof «a«ieift%«a ultli thatm «at«r m9%9euli§m ±m oifl of pl»ii«« 
naJl otlttv wftttr »oI«6ul«» «r« Ui»9l«n« H«>^ oiiA«A« la tli« 
iMtrmvA mp9e%mm of FoBO^ .TH^ Of «l.l tlto valor aolooiiloo 
•ooB to h9 i»^9lmm H*1iotaioi lioomiio tbolr TOoUnff laoAoo 
hw higboF frotttoiioioo %hm> tho eorroopoMiiii iragfJUis MOdloo 
(7ata.o 3.6) • 
X^  file iafraroA •^ootntet of (k^ S^ .^tE^ Of tliovo apios^o 
oiOgr fottv %«iid« «l 375• 7S0» 670 amft 570 on*^  In tfeto lili* 
ratofar modo tmoXon of tlio H^ O isoloonloo* It iOt tltoroforo» 
difflooXt to iittHboto thou separsitoly to tho rooMai^ » voig* 
iag or twiotlQg siodeo of OOTOA iaoqiuivaldnt vator moajooulos* 
HOFOver* th® baiaio at 875 mi& 570 OR eiro t^ito sits*oiig and 
thtto iie^ h9 attrilmtoa to tlie wai^ i&g modos %1io7«iio tli« 
roeaaiaitig two to t ^ roeUng modoo* 
^•4.5.a |H8q4t«eff lift ffiggftiaffiga 
Xn tlio XiSO .^lK^Ot thort aro t^oo ty^oa of ofyataXlo* 
SVi^lU.eallj iaaquivelaat vatar soleoulta. ifa aay axpoott 
tliarafovat aiaa taaAa oorroapoadiiif to th» lookiiitf* vaggiiiff 
aad tvlatiaf litoatioaa of vatar aolaotOoa* flia o^ aarvaA 
aiiM ^aaia <fa:kla 5*8) in ita IE apaotxun hara Iweft aaalgaaA 
to tlMaa aedaa (foaldUiCt aaggiac aai tviatinc) on tba baaia 
of tha iatMUiltr aritavlOA of Klraaava iBAh Va aagr aoa* 
aXaia aaaovAlag]Lar tliat wiXX tha vatar aalaoulaa IA tMa aalt 
ara ia»iplaaa B»teaiai. 
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Out of tlM •x|)««ttA •igM««a hmaBL9 eoirtspdaiSiiic to 
tlio lilnrfttoiy aoAoa (R» V or f ) of oix iito%iftiva3L«nt vat or 
•oXoottloo in t&o in spootmii of 0oS0^*flK20t «t hwn o%oovroA 
toft bmio mo oi»ooifloA in feSbis 5*9 onA ttioir oa«l«niioiito 
lisro boon eiadft OB tlM oaoo gftntnAo dloottsooA oi^pUoTt Ffoia 
OttT iiooigoeoiitOt «o fitoy lafor that nlX imtor molooiiXoo itro 
iii»9lano H*l}oMoS« I t io» lionovor* to hm mtitod tlsmt tho 
|}««3e liito»olt3r of tho lNt«i nt 390 on** t vliicSi lime hmn 
mttirilmtod to tlio rooking su«^ 9 of R^OX?* i t gro^tor thnxt 
tiio oorrooito&^lag vogglfig mo&e at 56$ QB*^ * • Sot tho lattor 
baad is broQ^or (fWKKX « 45 em ) ttifm tlio fi3fE«if CF¥J^I • 
55 on ) m3!& eoeoMiiiSljr tli« iatogrmtO'S imtoxioitjp Cl^ t^ «ig 
iatoaoitjr BEHltipMoA \if inmt)^ fulfill i« oonoiioroA to bo 2rf 
»oro aisaifieimoo CS51 thiai tl&o p«»le intoaalty I * 9 io 
grootor for 565 on band* f2ioroforo» our aaaigimosita in 
Tablo 3*9 for li^ e roolci&g aiS nagging znodoa of EgOX? aro 
qoito loatifioA* 
5»4*5»5 oiaap -^tB^Q 
Xa tlM ittfvaroi apootroa of OaSO .^SBjO, M^mgairm oaA 
Uhlaaaoa^U. Cf 13 rooortod tliroo banAa at 88t» 855 A 595 oa*^ 
oorroapoadiac to tlia Xilratofy aodaa of vator aoiooulaa* 
fk9j attribotad tlia f i ra t two teaAa to ttoa rookiag laoAo 
irtioraaa tlia laat oaa to tlM vaggiac modo* l a tlia aaaaa 
apaotraa of tlia aalt« J . lo f iar t15dJ obaarvad foor vaak 
UaA9 si 879* 876, 719 * 715 a a * \ For fiTo anr«%aUagroplUl'< 
u 
eaULjr la«tiiiviil.«mt fratvr Biolf»cml«8t «• magfy ho«wr»r« •xptol 
flfte«ii ^na« to Rppeftr in the apvetrm (iuigl*etli]|! tatty* 
fsoXeo&lair eoopa^Ug) mmm&itktm& idLtl^  tiio eeelEiaiit i%!>@@i^  9SB& 
tirlsting lllKfstlQafi of imttsf aiol«<mX«8« V.'« hmrVf hciiniTtv» 
• I 
t0 thd v | sioAa of £I0|** ton (iwo« ^•4»t»^)» Emm99V9 i t Ims 
1»i»eii :30intM out tHat tKti& I»i!t>^ i3ita« of this l»imi isi^ !>• SIM 
to i t s lataitug ititfe tls0 liferetoxy no^m (^ If t SMP ?) of imt«r 
nioi@0!Jil.t9« Biis ^fii^  tpi0 l)e ]^i aeii«)eiiit«6 «itli the rooldiig 
m &s €»iimpfiratiimlf weak* Tito m&mie^A intensity of tho 
3?3eMajf mo^% CH^ ) as eos^jwii to the we^ s^ tne Cl?^ ) !tod« imf 
6* at» t9 th . Bl^ang rtth the v j »od.. «l>ltfi gBMralljr 
apij«axii as a iitroa® ^ana ia tlia iiifrar«A speetma. 
BaofMH aaA Onrxy Ctlll hod potiifA &M% that ia tl^ 
CoSO .^SHjdt th« vatar moiaeuXaa ara out of pimna H*%oadaA« 
Xhajraforot tha vagging siodat riwuld 1M of highav fraqoaaeiaa 
than tha oorvaapooAiaiK rooking nodao. Siaea «• hfsva glvaa 
aera vaUaaaa to tha iatOMiity eritarioa for tha aaaignoasda 
of tha iihratofy aodaat «« aouM not mgf with laaon and 
Cwerf C11IJ. lov taaparatum iafrarad »oaaaiHKi«ttta« aharaitt 
tha apaatval faatavas of tha ohaairad haado viXI ha aHaiiiart 
laad to aova dafiaita oonalitaiona. 
<J 7 
09A»ia«viag %%• f&ot« %li«t tilt vattr sol«oul«« ar« 
•%roii«ay «ff«9t96 ^ Bo^onaiaag ana stvoagtr i s tlM ii^'lwiiAiiiCt 
gr«iA«r wllX iNi t i l t e9XT«»90ikaiiig It^rstioaal fSPtiimtftOft « • 
imy l a f i r (fift3LM 7*5 to ?«tO) tBiat H»i60ttaiiif i « tlM «ttf»ist 
Xt hMB hm& itatad • s r l i t r tlist t!&9 sis imt«r stoX«eiil.«« 
art arr^&gtA i>etah«d]raXlcf t9 t!i9 ssstt^ atom i n ^H. tht h«xii» 
li^ratod mxSL th» hffpta-liydnattd s^lts cmS tMi i tlt«^ fom » 
oospXcx of tfeo typo CK^CKjjO)^ }^ *^ Coaoidoriog H2O isoXoouls 
®« m oiagM tmit of easo 1® tt*fti»u*» tMo o^.pX«s m^ IHI 
ragasfloi us tfe© soveii Rtoselc '^alectiia?' tmit te^loiic^l'is? to ths 
ootsihM»ii (0^) atjrsassttafy. 7Ms e^T^fltt Ibtli^ srsii flynmaif^n'U^ 
XA tlis perfset oetelisdrsl. sysmstiy of tfe« ecmplsx* osSjr 
a;| A v|| Kodss ai»« iafi'srsA astlvs. Ro««r9V« slaes tlis ^p»» 
astfly of tfis osi^lsx !3AS Immk IswsrsA in »3.l. tli« salts m i s r 
prsssAt dismisidos (TmUls 3.1) , ths IR fomadsn ^ | ss«s IUMI 
ttXso bssoBS IE sotiTS sua tlis asiwsvttsios of tits tripljr 
Asgsftsnts v | * v j »oAss hwrs %ssa VSMOVSA oosplstsly (TObls 
5*4) • Aasiitli«B«x>tjr«fisa*s t37J Oftleiilft«ioii.St Usssa on tuelcsa 
ana 8«atsr*s priaoi&is C l i l ] , su^gsst that th«* t^ieiaas o^sswsa 
l a ths rogloft 400*200 o i * ax^ dus to tho latoraaX modss of 
tli« %tt8tsi«ooBplss« SOBS of tli« baaas in tills rsglon naar 
S8 
•3JI0 h9 &U9 to tli« %r«iUil«to](y no4«« of uaoooriitiaitaA wittr 
mol«oiil«9 itt %hm lMpta^ > and i^mo^tf^hf&tmtwA MuLtii i»«. ia th« 
lii80^*7R20f F^ SO .^THgOy CSoSO^ .THgO a&fi @ii£^4«!^ 2^« 
i2i QAOh of the XR 8pooti^ of fos^^.tRg^ find ^iHD^*7^0 id 
^ 9 atc^  40^ om roopoetiv^ly, Th«y attvl^iotoA th«8e 1>«inati 
to t ^ «F»i^tano iiti^tiM»g nio^ o (vf) of th® oompXoir. B»t 
mime tMo "aode i e ZE fov1ii<S««iif thm ^%mrf9& bonf.s any 1m 
iuo to tlio Gftyjmotfio atr^tohiag aofi» ("i^ ) i^ f tht ooaploK 
2fee etretoMsg sodos immv^U^ m-imr at Mi^ Msf f2r«* 
q.u«neio» thtm tfe© aagol^r floforrsatioa taoSe** Tito fe?*ii«8 
otsnenrafl l a ti»« regioa 4ao*2i50 oo* laayf th^rafor©* tm 
aoisooiateA unamMgtaoittfljr ^ t h tlit v | Cc>-i!fsssiiit3fiG ©tmtettljag} 
sM v j (mjgitlw* Aofoifiatloa) so«9f»« of thi» ecwplnii ta ttm 
d@80«adini^  QT<S«r of t&oir fir««ittfmelos» ?i?#oe fatPRirtA 
aetiTO nodlos are iil«o oxpoetod to ai»po»r fsiirly irtroagy 
"u^^rttem tho tpcuoidlo iNtloagiacr to tho XR forMAdon ^ laodo wlXl. 
oitiwr !MI Al»««at or wiXX b« voty iroak la lat<»iolty«. Hhm 
tymaoXfitQirr stores of H2O noXoetiXo v l i i ^ aXoo Xlo in tho otmi 
r^offloa wlXI bo eoapornttvoljr nook A torood la ooa^nriooa to 
v ! 4fc vj^  atad hoaoo t k ^ eoulfi b« oiuiily i^oa t i f i^ . 
^•4.4.1 i4flg4t7iggt rt»4t7agg ittt flggg4i7Be9 
Aa«ith«a«ngr«Boa*o [273 oaloaXatoA firoquoaeloo for v^« 
Bd 
v^ A v | BOA«« ar« r««p«etiT«3jr 3^ 9» S ^ aaA 134 oi tor 
liiSO .^THjO irh*r««ji for OoWO^tTRgO thtf m^ 3B4» 292 laiii 147 
«i*'* Xfi th« ZE •pttotftm of &iS0^«7820t «« tk(^ « o1^mrv«i 
stroiMi; b ^ » at 4©5. W fc 365 « -^ d«# to < ^ 0,; ao«« aiUI 
at 254 ft 229 M*^  to th« a{ ao«« of tho oooiplts tltiCH^D)^ }^ .^ 
Tlio traiuilatovsr •ao^ oe of the oaoooxdiaatoA vatop eoXooulos 
liffiro bofiia otieorvdd at 322 lb 2 ^ «m ' • f ho band dl»@ox^ roA at 
• I 
136 on $j& i to IE spoetrtoi i9 vot^ etrong m& hoaoo eaimot 
bo attsltmtofi to tha Xa forbi^Saa v | modo. The v | aoAOf i f 
i t appearo at an* hao moat yrotmhly hmn aaaliad Iry thia 
etroiig ba&a (Sable 3«5)* 
In tfea iafffa^ee ©:?eet«Bi of Co^ O^ .TH^ t^ we li«=w® aot 
obaesveA any boM ia tb© 400*5§© mT i?egioa, A brcjad hfm& 
profile (Fig. 3*9} oo^aistiag of tiio ^iirtlalS^ vmmlv9A 
strong b^ xida at 328 sae 3CX) CB i»ith reapeotiire k'^m:x 53 
mi 
aaft 72 « baa been obaerveA, Tbeae bai»ie have been 
aaai«fte4 to the D | moAea of tCoiU^^)^}^'*' eoaplez* theae 
ttfo baade aagr be due to teo different typea of eryatallo* 
^^aphieaHjf ineqniTalent water eeaplexea. The traaelatory 
modea of aaeoordiaated water BoXeoalea are Xifceljr to fall 
In thia refioa« lAiioh aajr eoatribate to the broadaeea of 
theae baada* the v? *^^* eorreai^oading to the two orjra* 
tallegraphioallj inequiwaleat COeCSjO)^! eovpiexea hare 
been aaaeeiated with the atfoa«r banda eentred at 230 ft 218 
« K 1 « > 1 
tm and 180 ft IdO ea '• fhe preaenee of two typea of eoap* 
J 00 
I«x«« iji tk9 sftXt ham $ilm Imtk •tt^porttA IQT IPH studiM 
Cl22»f24J. 
Zn tli« infrared sptetvuB of f«80^«7R2^« ^ * ^ '^^^ 
]^ &« b««A obMrr«i «! 430 t 410 «•* aafl «fe 340 t 530 M I 
mimrmm th» v j arad« at 245 8^ 225 «•** »ad al 180 J& 170 m 
eowBpots&tas to tlui tw typ9B oit ffoCH^O}^! ooiapl^xM. 
Thttso o^Mxvatloiw Art oofTOtomfeed Iqr tti» ex7«tal34»gn^liio 
data (7«:b2« 3*1} of tim »aX% wib%tik 0ttnm that tliott aro tvo 
%fp99 Of iaaqoivftleat CFtCB^O)^! ooiapXaicos. 
SlJdlarajr* oiir efaotrooeofie oltntPratioiMi (fablfi 3*9) 
for tho v | and v^ sodoa l a t!ia iiifras:»«d opootroEi of CoSO^ « 
^ 0 osppovt tlto oonoliuiioii timt thero wpe two t ^ o a of 
oQtahadxoa oosploxos CcoCKgO)^ ! i n tiio aal t . 
Xn tlia OaSO^ .SKgOy tba Oa atom i« aturxoundad 1^ a 
aaarSjr ratttlar ootaiiadrea of oa^g^ atosat foiur of i^ioii 
l»aloii« to vatar volaoiilaat ^^ otbar two to 30'^ lona and 
thiM fom a oottflas (OaCBjO)^] • ¥ba aolaenlar mfmrnutry 
of tlka «0M»3Lax In fi^i^ and aooovdiimljrf tha faetor grouf 
aaaljraia (T«kXo 3*3^) pradlata ai«litttatt lands to bo aaoo» 
oiatod vitl i tba iatoimal aodoa of tlia mmplMU^ Oat of 
thaaOf tvalTO l«ida ara lafkwnad aatlTO wharaaa oaly aix 
ara Riaiaa aatlTo* Barfar t15i] • liovavart obaarvad aight 
Wl 
Hands in tlM siitgl* erysttl EMMHH stmAjr of tli« Sftlt anA 
«ttfllNit«A «X1 of thoB wongJiar to tlio otrottiiiaff or Aotoxs*» 
tioii iBOdoo of %hM CGoCRgO)^ !^ ^ eoffiplos* ^ono of tliooo %miAm 
mm ULIsoIar to %o duo ta tlio tvesislotoiy sodsa of tlui tm*> 
eooYdioptoA urattr siolooulo* tn tlio XR ttpooti%» of tlklo ooXt^  
a^^ Agflwo ii SHiasuQiiofei £111 obosTTcd ozun ^maA fft <40 es*^ 
oor»opoxidi£i|r to tho Ca*<) iitf«teliin£ modo, Wo I(«s7t» bovovor* 
aooiiXioA tliio fcaiUI to tfeo V* iROfto of Bof* lea <»«o« 3»4»1«^)« 
Xn t ^ ^x^otiit iafrwroA study of Cia30^*^df tbo bifiaAB 
ly&iig in tho wgitm liolov 400 OB*^  m& ^itito otroag «utd imH 
aofiuofl (Fig* 3*!l)« Fo3JU»wix}« tHo osltoxloa t)}^t tl}9 
strot^iing Qoaoo eO^ oaia hmm higher freqiso&oios thmi tlio 
deforafttloa atodoo, «o oselgiiod tlio hmA» ol^envoS ?^ 3^^9 
3@2, 564 41 352 on* to tbt otrtstdiisg modern wMroa® thooo 
i t 2S4t 224« 24a ^ 18i OEs**^  to the aofonmtioii »odo« of tho 
two tjpoo of tho dofoBaoi ootohodfon mmpimmm ICoCHgO}^ ! • 
fho lifting of tlio dogoaorooloo of v | and V^ (pnv» 
tiftUjr or ooKpXotoljr) »odo« of the ooaplex in OXMOOI a l l ttio 
ooUo iadloato that the oysMtvy of the eom l^ex hae heea 
lowered, fhe oonelm^OB le im oonforaity with the orjatallo-
isra^hio data OA theee ealts (tehle 3*1) * 
3.4.9 axtofttel lattiee aodea of the ertetale 
The lAfrered epeetra of al l the Ofate* In the regioa 
helov 200 mT^, ohov aeae well reeolred hande thet aey he 
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2* 
•••oolatod wX%h tUt rotfttoiy aaft trwuilfttoiy stod i^ of SO^  
ion soai ootalitaral vattr eoMploxoa (K"CR20>^2 • ?!ui I l¥» 
ratoijp isod«« of th« val«r aolaoiX** har* already %t«a &A«ii»» 
tif&«A i a t i l * svgloa 900*400 oi**^. fha tnoMlatoiy »odM 
of oiz eooyAiuatod wator sioloonloo i a tlit iiopta^ &oA ]ioso^ 
liirdratod ofuXto (K**^^.flR2^) ^"^^ ^^ ^^"^ i»or&in9it§A vator 
»ol«oiilos in tim poattti'^ lqrdrtitoA Oo^^vSK^O liairo %eta 
iaoladoA i a tlm aoflos of tb* a>ttp34ix tl^in^O)^!^^/ or 
C(7aCH20)^ 2 '^^  (soo, 3«?)* lh» traaolotovy aoAoo of tUt 
maooorftiaatod vator laolooaloo i a tlio liopta* muB. 9oalft»I^d» 
ratoA salts avo or^aoteA to Xi« i a tlio fTeqiioa^ rogioa 
C^D«>200 cm (aoo. ^•4*4)* 1%o eoiaplaxaa being t ^ hsm^ 
quaai««aolae»I«a« tliair rotatory mA trmuilatoiy moAos are 
ejected tn f a l l bayoM our a;3»etral raage. The rotatofgr 
oodes of 30^ ioa hetva beoeme IE aeti^e Atie to loireriafi of 
the egnmetrj of SO^  ioa to C^  (Talile 7 .4) ; therefore the 
eerreepeodific hmide v i l l either he aheent or v i H appear ia 
the apeotnoi with •exy veah iateaeitiee* The traaelatory 
aedee of 80^ ioa w i l l he etroag aad itfiarp* fherefore* the 
aaeifnaettte of the haade i a the regioa 200«90 ea* are aot 
espeeted to nm^m aay troahLe* 
Za the re^^etiTO iafrared apeetra (fiir< 3*9) of HiSO^. 
THgOt FeSO^ I^B^Of 0e80^«7H20t XiSO f^tfB^Ot Ooao^.CHj^ and 
OaSO .^SHjO, the haade oheerved at 160, Y5d« 1I0» 77 * 6$ 
ea*S 140t 100 A 90 «a*S IdO, f07 «i i4 ea*S f60» 140, 89 
!C3 
* 68 mT^t \50, 133, 90 * 80 mT^ nA 145, «16» 88 ft 70 mT^ 
mpm tttit* stvoac «&& li«r« thiui 1i««a mttvUmttA to tlui trtutui* 
latosjr »oa«« of 80^* ie& ulioroM thooo obtorvoA «l I59» IS^ O, 
94 ft 88 «i*S t55» t20 * tO «i*S 150* ISO ^  T3 «B*S 130, 
113 ^ 93 mT^t 160, 102 ft S4 OKT^ aiiA 150, 104 ft ^5 m"^ iM 
tiio roopootlYo s^ ootVA of iib<ivo seid saXts @r« vory «9®)c 
(7^1«it 3*3 to 3«1C) aM thof^foiro hsw9 ^ tm iisoooiiitoA vltfe 
t ^ U%ratafy m&a9B of So|* ion* 
fb» pr%Bmee of ZH tQvhiMAmk llhm^orf modern of 60^ 
loA ill e l l tiko opoetrft of titt 0a3.t8 imdav pjpoofmt aisouwiion 
fttrth@r supports om* previaas Q03ie3»i!lo& itme» 3*4«1) that 
the fl^isssiotfy of SO?* ttm lif^ Q fm^n M^BT^^ in ©M t ^ mfiXtn* 
'Sh» csoiiolxieios. i© also In p^rr^mmnmit iltfe t^ 4a es^ atfliXloisrtPm* 
pMo oteorvatlosn (falilo 3.1)» It i« Also t^ i}f» oriliQA thit 
our 9B9leimmktm for tho trmifat:^ oi*sr mxt lk1aaf*^tiTf nt^9S of 
30| ion support tltii f&et thitt ttio traiisltitor:^ lao&Bm ar« 
»m»m AupmAmOi iriillo tho lilirtttoxy aodds are iiid«p«ad[«ikt of 
m«so. fbio faet has fartter ^«ii ooafinaoA ^ oar olMwrvii* 
tleao on aauMiiiiMi anft ^otaoaiiai aou'bla attlphataa (Cliaiitar XT 
aa« T, TaibU 5*12) • 
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memovitI«»t ion; H* • J i , COf Hn ••• 18 a dlT(il«E&t attttUl 
oatloa ac^ % » B§ U% ••* 18 a ittsanraloitt loa* fh888 Baits 
liar« iMien Immm eluM the titrly part of the 11th otBtnxy 
£162 J 68 tattoa ealta*^ aftdv A. I . E« Tt^ttm i4i9 earriaa 
out an oactdiislira lovaatigstidn of their oi^ tiosaX pvopi^sttm 
maA ex^stal morphQlXigst Cf63t1$43 la the mttf xilaotlas. 
1?he88 salta hfKV8 aavacd gF8^«r sttentioa ^vm to thalr 
oaaga as fcrtHlaeTs t13t16$2 imi as potentlfsl saterlitlji for 
eooIlDg hj afila1»atle dosaipaatlaatioii II4*19J« 
A wmlb^v of ozyataX atmotur* dotoxnlnatlo&a tt 66*180] 
of th«8a salta hava iNiaa oarxlaA out ualag tha vail kaoum 
X*>nor MMI aaatVM Alffraatioa taohnlgaaa. ^taaa atttdiaa 
hcra aonflfsai that tha als vatar aolaoiilaa ara oatahadraSJjr 
aoovAlaatad to tha hlTaltnt aatal ato« fo»&lag a oovplas 
tll*(B20)|J ahlA haharaa ^jrnaaiaally aa a qua8l««Milaoiil.a 
*Tha tttttaa aalta aagr alaa ha daaleaatad a8 haxa^ aqtao 
pomia l4(]l«>(H20)(J (10^) 2* 
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t27«iai«l83i« V«li1i 9% 9X 11722 mA iionl«o»«iy «t Ua««f«ltty 
Cl73i iMnrt «oaeliia«A that th« gvoattiy of tli* »«tfil*8giV0 
ooapl«x COaCHjOygl^ i^a (^4)^^(^4)2*^2^ ^" Alff«r«nt 
tlum thoM in ottuis* iMstfuotiJural douliXo eolpliatos* Shis 
oliatrveitioa VM ftixtliar eoatixssmA ^ Oxtoa ^ Kioop Cl84i «rIio» 
irMX* •xaoiiiinij; tli» ijsfrwp^ 9p9e^Tm oi iootopiea^ 180« 
lal«A Mi^ P^  ena HBO dp«ei«» in ««veii ssmascmlm doubXii «ia^ 
j^«t«0» msm tn tlm ooaeaastoa tliat t!ie sipeetxua QtimrwA 
in tt» lif^0ii^8al.t i s aiffore»t fvc» tl^«i> in otluiTa* 1%i» 
diff«3r®ao9 mm e&&$@etwe96. to "&« dun to diffei^nt s^^ vogoa** 
^Miuig assoeiated «£tb tim M^Ca^&altm WB i^ifrorad &pm0»* 
txtm of (iiiS^)^(00^|g»^0 ^lotig with thQm of a @eH«« 
of ««voraI Jjaoi^ saaio oospoiiiiS* !i«A tMxiii iroeoi^ od t)^  Otattcr* 
j i i «t ai i%B5t in ooimtioii ^ut thii^ did not ea^^Isiti th^ir 
r«0uXt«« KnelEffia ^ HoJULirog« (t80l oHoorvtd oal^ a foir p»><» 
niattut bands oorrosposi^iag-to the milphato gxmip fttodaeion* 
tals in their f«fX«etioa •pootm* AAgnthanfirigrMiMa C27»l87i 
roeofded th« Rmum, npnetm of ttomo of the tuttos »elto in 
9&9 ^OAotvar 9nX]r on f|«<^@xts speeti^grAph mt th« roeipvo* 
o«i dioporcioB of 40 mt /vm et ^37 !# ««inff Kg^ iero «« an 
•xoitotion toiiroo* Ho oonldy h&mnmrt oheorrt onl^ m fov 
pfwiiino&t hands i^oh v«v« not olnosifiod into th» TfiH.ottS 
Simwtvy spaelss of the ofsrstel si^ aee gi'oiip* Broun ft toss 
[168 J hwre imported the fasiiaaentaX TihrationaX fvsiinensies 
of 8^* ion and eoapisx IIPCBgO)^ ^ i* the infrared and 
J36 
Uwmmk arp«otm of th»tm ssats. 
k orltloal fiTAltttitloxi of tho HIOSKI obMXvatioiMi asAo Qn 
•1 
a«8liiioA tlio ImadB falMiig la th® rogiou 900">400 OH to tho 
mttXtiphcm a^ aodto of tli© ed»pi«z« fitose tyanae are aotnall^ 
&mi to t ^ li^ i>&tox7 soa@« of imtor moloemloo C^3lt i» i^ a«> 
lo|^ vith tiM i^ enaXte on £^^^^.{^2^9 K^  « i^ i» Cit Cliff6»1S6» 
189 J flua on other oi^stnl-hydTEtott Il45t1'^*19^i» ^^ ^ Ipro^ 
tlieox^tloal. mml^Btm o@m#d out Ifsr te<ii:itiitta$tr&3rfimm C153I 
for tlioao imlte i s elm sot oorxvot. He tuigleott^ tlio pro* 
e^ 'uco of «iit«r nolaoules ii^ Me groap th«ox«tiOfi3. mxnl^nia^ 
s:lvlr*g thf^rol^ ®a iiicoapaste c3l?tfiiiift»ptioa of p&csaoa »9Q®«« 
HoroovtPf «om« of hi.n maulte antf iatorpi^et^tioxiS of tht 
^«ad« pt3?ttiiiiijg to the SOj ai^ iIl^ tHgO)^! eoaplux .nro 
ftloo at irai*isae« vrith %tmw9 of Broim Ifc IQMI t1@SJ* T&elov 
froqttcnejr sp^otrs of t!i«e» w^ltM h«99 mlm not 1i$®n Alar** 
euootd at al l %f asjr of tli<i ^rcYioua vorlMira* 
f&na to r«iov« al l %h« antii^iiltlaB tmd aaomallaa In 
tlM apaotra of tlwaa doabla oulpliataat a progrmrnvm haa 1>aaa 
oliallKaA out to va»axa«itta aad uatfartiilca a afatanatie atwAy 
of thair iafrarad aad Ramm anaotya* In tiiia i^aptoTt «• 
praamit aa ashaaatlTa laaar axoitatf RMMW vtvAj of aiaela 
ersratala of iM^)Jie'iBQ^)2»^2^* *** " ^^ * Oo aiuS Cu ia 
dlffaraat aaattaxlas gaoaatvlaa of axeltatioa la tha 4000*90 
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wT r*«loii. 3itte« thtm evyttAlJi ar« e«titro«igrBH«trio» 
iditr* tli« iafrar^a and Rta«& •^•etr* aar* m«9l«Bi«atia7 to 
•aeh otiMV C26], tlw infiwrtA spcotra of (iiR^);^C^^)g* 
ffltgOf H" « Mi» OOf Mil ana On luKrt also hwm neorA^A ia tbo 
«aa6 rogioa for tho eosploto miA unmMeiiouo astigaiatitfeo of 
tho o1)MX*ved toando, Tho p«rtiallar doixttiwtod infrnvoA 
opootnn of Oo^oalt luui aXoo ^«n roooxAad in tlio 4000*250 
on region to assist as in ths iAsntifioation of tbt IMHAS 
^ W « « t, ..» :..; iou »a «^« « a « « ^ in th. « « « » 
of siilts nndsr studjr* 
TbM |Tros«sntcii*ve«tiga*ic3u IIFS e^@» diFeote^. to ttnd«i?talc« 
6 oonpar®&iT© otti^ of tlm ol»p»nm<l f!:j«©ts?os(?opio f^ frtur©® in 
t£i6@® ssJlte ^^ to oor?:'0Xat# tkti^ iiit£^ 1ib«$i]f lo^ ova tif*r£'tn3l0'» 
ermpM.0 data* fli» W^ Ion i^ distorted, linoarli^ fm noil ss 
n^gtOstrlor froB i t s ptrft<n tetrahedron iT^) e^ftmetry in a l l 
ths salts iindsr sti:^ 3r. Ths linear distortion is» tmwsreTp 
%hm grsatsst in ths f!n**s«at vhiXs ths angular distortion i s 
tils grsatsst in th» Ca»salt« TMs infsrsaos doss acrss with 
tlis kBom srystsllogrspliio data. A disoassion aibout tUs aost 
probabls assisassats of tlis sstsmal latt iss aodss bslov SOO 
2-
OS** has hssn aada for ths first tias* fhsss studios havs 
„U.»- out ».^ »h. mr.».^ «.<,.. ot « ; «- »,».. .* < 
ions ars alaost iadspsndsnt of ths aassss of ths eations 
<Jiit Co, Mn or Oil} ifhils thsir traaslatoiy modss ars aass 
dspsnd«xt« 
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Ijurg* mm'bmp of hy^ Araloa aotil^ l* muXphe^— (tuttoa oiilto) aoA 
•BiSKostofl tluKl tlioy ax« iocmorplioiio to oaOli otlitr lunlag tlio 
•pftoo sroop iiTBtaotxy o|||* fvo aoXooulos oeeni;^ th» unit 
o t l l of thooo orystfilo vhitii oxiiibit moaoell^io mof^holoi^ 
iit room tteip9rm%wP9* Ihx^ aro eluBSified ae optioaUar pooi* 
tiiro biaxial oxyttsls wltb (010) a« tho optio pXtuao ^fl (Sol) 
ao a porfiot oioarago pioao. Thtt hVmlm^ metal, eatio&o 
{ktf Co* Mi&y Oiit Fo) ax« pieoofi at tiie o^troo of iavorsioii 
w^rofio fill other atosui miia stolooolar giraaps oeooi^ jr ^tmrsX 
poeitioxit* fho bii^alaEt metiil oatioae aro satTomidoA oot&» 
lioaraliy %9r t i s vater seol«oal«s fomiiig thore^f m omplox 
Kl*(B20)g J iihiOh tietutvoo iyaavioalij mo a ^ai^*ooloeiile* 
Thtro gupo tliyoo groupo of ex^pstallogrmpliioi^ly i^^niTnlonl 
irator s^looaloo iHiioii itro loeatod at tluroo AtffrmM C| 
i^toa of tbo eryatala, Tha oiyataX otxuotuva of (liH^)2Mi-
im^)2*^2^* ^"^ ^ ^ ^ ^ MNibare of tbm ioOBOz^oaa aaflaa» 
haa iMiaA tSamm i» f ig. 4.1. 
la aXi tlM aalta aaAar pyaaont diaeaaaloBt tlia axia of 
T»iaAiaatilx ia paraiXai to tlia b-eiyataUasraphia axia of 
tka OfTOtai. flui 2*iaAioatilx ia irary aaariy paraxial to 
tlia ataxia CSA(IOO) • 4^70*} ahaxaaa tha X»ioaiasinx axia 
•akaa oa aoffla of '^ 10^18* vitli tlM a^ aaeia of t!w orrstal. 
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4*3 gf3^ fft,feiii Mkmi 1M Wmm. 
licni&dii C$01 htm %utmJb&%9A mwBm& tmkmv9 f o r t ^ 
0 
tm^ B«.»«I • 9 f 
9 A 
% O 
O 1 ^ j ^ ^ f @^ 
Tli© Oi?tiitiil :?mp9v%tmB II94ft95^ of a ei^itnl. mn Mw% 
!3® imdoirstoiiA tB tttfms of tlmra &ittimlljr p«?f«iiiiQiil»r mim 
kmmi &8 tli9 pzinoif al ax«3 of i^iomt^x* Iti tfco memo* 
opinio oljuitt of oi^stftlSf tMm IPLOS do Mt ooinoiAo irith 
tlio orjrataUoipmpMo lOOt tjcwpt ^ « t»i;^io*i%ytii (f II li)» 
mo f-iaAiotttrlm u l o la fliroi in %lm er^mtsX mm i t s li*fixl« 
ma& i t lo i»lopoado»l of mf ^ajfifo of lbro^ »«iiie^  umA t«»po*» 
rmturo t199L I t oloo oolaeHoo mtli t&o OXg^ astio $m 
dofijQoA lif iyo* iToiim ly*** eritoiloii of dofiai^ tiio 
diffoyiAt oaioo* «• h$im 
031^ = Off " S % 
( i ] ro*« ttsilo) (Xa f l lM i i r l x axio) (C^otallogyiM^liie axio) 
KO 
Vhm £ • and lS*iaAimtilx ax«c eluuig* vitl i fr«qiimMy naA 
t«iB9«y«ti8Ni in M ^ ft wagr tliat aXX tlie fbi«« ttxts alvsy* 
rcM^a orliio«w:ifk3. to «aeli ottior. $o «v«»iA «ar wap^ett ioa 
diw to A oiUHie* i]^ iiolanafttioat one itiioiilA •xproos Hasaaa 
ttmmw « i t l i rtfcvw&M to tlu» ladioatvis axes 1291* fomuc^s 
tliitt «aAf tho set of ax«8 d«fis«6 lay i»ye liaa to he trmm*-
ferrod iato the ladieAtspis axes elisplar 1^ ii rotatidn around 
Of = 0^2 hy an eickgle equal to that %et«aea OK ^ Oi:| or Q'4 $b 
Q%^* XB order to tx^^sfoxm l^ oudo '^e Rmsam, toasora mith 
refereiiee to the iadiomtris @x@tt of the oap^rstalii the aiml** 
a^iritjr tri^efoztiiatloiifi Cl93f196fl972 hsve been upL^ ajLi^  
direot2|r on thaee 'dmmxk tenaora* fht deaired :if^,tm te^aora 
thaa oomo oat to hes 
Ag *» f 
a 
0 
t r 
0 
h 
0 
d 
0 
«L 
K**f f *^ and B^ - f 
0 e 0 
e 0 f 
U3 f 0. 
f « 
eeao 
0 
JfJ^ 
0 
t 
0 
•»alttd 
0 
eoaO. 
and T • 
eoaO 
0 
jSjidJiO 
0 
t 
0 
alDiO 
0 
0080, 
After a alafXe matrix •aXtlpXleatloint «e get 
lit 
• 
"aoot^e • «ci&^0 • AslftSO 0 (A»«)«ia0eotd • d«O820 
Jai»«)aifl0ooii9 • dooaaio o M^A^O <I> oeoa^e * A0iii2#. 
A 0 D 
0 B 0 
0 cy 
ffi^A 
0 
•008® « f«iis9 
0 
""O B 0* 
E O F 
•0 F 0 , 
H9y«9 
« r A j « A 4 > S * 0 » 
«ia 
Yr Ig - 0 • Yr Ig 
«eo89 • f«iaa 
0 
«8ill& 4^  f Q0«9 
m * * * e « T r A g 
0 
«eiii@ •# f 0089 
0 
8iii8« %hi& tnM«8 r«s8ttt uB«liMiK«i» tlu» original 
liemA9tk*B tmMwm warn v t i U ap^IittftML* to i&fjepvt Rwmmk 
AfttA* Eeii«v«r» i t i s to !>• sotoA that tho origiiua LovAon** 
toaoor ol—oato Ot ^* *• A* • oaA f hat* OhaaftA oaA thio 
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idiaisf* vwOd Kttw% tlm lftt«Bftiti«» of %li« o1»Mrr«A RMIMI 
hmpA9 ft9fr««iabl|r. fii« iiittnaiti** of tlM 9%mvw9A %»aAB 
vlXX doiHMiA on tilt mmr oong^ oaoata of tho polavfjtftMlUty 
tonooy«« fho Idottftlfieatloa of oltlMr of thi$ olonoiito At 
B, 0 or B m n roTool ^ • a ^ * * ' ' - H<«^*»t *!»• latonoltloi 
of tliooo matrix oloaouto (polasriaftMlitsr tttaoox«t A* B« C* 
0) iroulA Aiffor* fhtt Bmm hoMo tvno indopo&doatlar f^ i* ^^t 
K aaft F astris oloaioiito of 'Immi t«nsov8» boSoisalJE^ to 
Bg*ayB»«t«ar of tho o||^ spftoo groap* fo tho trosuifOYvoA 
toiiooro firo flgraaotriOt ooeploto ixifonnatioji oaa %o o^taltioft 
fxtjm tlw stutfy of the EoBen sp&etra iii otO^ die soattonag 
{lOOfiOtxlof} iM» ?r« a^i» «^K of hg*9fm&trst m^ Xi mA t^ of 
4*4 siiniliftiliffia. .sftuJMsMuWuifii 
Tim <ifnmlw 1311 of t ^ c»yi*8l« (liE4)^l*Cl«0^)2*%0t 
08a bo AoooHboA ii& tovBff of *134 p2i9i:uHa ssoAos* Tboso 3?^ ii(m 
sioAos biKT* IMim oljMoifiod i» tomo of t&o iatorsioX mfsA 
aibrotoiy BoAoo of t!irto Aifforoat groups of ^wtoi* sHiXoo&lfS 
(BgOJ:* BjOXX ft HjOZZX)* lia^» 90^* aafi OOBfilox (K**(H20)^I^ 
ana tlw tranolfttloaa of l»m tluroo imito. flio tvmamJMowf 
jBodoo of viitor solooiiloo lunro boon Inoln&oil in. tlio nodoo of 
tiM ooM l^os* fho fofftotloii of tlio ooarplox tll**(R20)^ ] , 
luprioff tho 90litt gmsfi mramotiy Oi^ ^ IIAB Iweii ou^forloA tgr 
•arlior otuAloo (29f273 on ^ooo oolto* 
HS 
4.4.t ^ai^ 6»XX fippyoa^ 
TlMi elaMifittfttiott of total phoaoa soAoo (234)* ot 
iHinoiiiiai deia l^o miaplifttoot utAm tho aalt ooU mppmmh. 
has boon voi^ wdi out MM ftdtim 4*1 • Sioeo a l l tlui mtoni aa^ 
MitttatoA ftt aifftrtnt 0| oitoo or thorn eryotslo oxeopt tho 
m&tBl atoms ulilf^ l i o at t£» ootttxoo of iisvovaloB* 110 atos 
«iXX roma&siy tliovoforo» invisricmt nMor C^ BSA ^ eysmetx^ 
oporatio&a of tho c ^ epatoo groap. Uwrnw^T^ the motaX atoao 
viai romaiii iairaslaat mi^ or Ijntvor^on iipusotvy, ^^ hoa osJ^ r 
78 atosa v«t«iiii thoir poattiomi tuufor iSoatity operotioa« 
«2ui7oaa oiO^ S atosa vosain iuiraxls^t vm^mv tmnT9%ttn w^» 
89tX7 for tho hiaoloectlar imit eel l of tho orystal* T^hie 
losia to a 9oSueihle i^prosoiitaticm ICC^ ) «hoso haaos a^ ra 
the total Quiahar (234) of h^oAOu moftaa* 1^ ismiri'^ Jiooa 
of @traot«gpal aoS polyatomio gron^ a^ in tho tinlt eoll aro 
the haaoa for ohtai^iag tho total traaalatoiy m^a lihratoipy 
aoaoa roapeetliroljr* OoaalAoriag aatal atome (K")» Jil^, SO^ ** 
aod HgO solooalaa aa aaparato atruetural «raita a^ tho Xaat 
throo aa polyatoaio wiita, 22 atruotttral aaA 20 foljratoaie 
garottpa voaaia iavarlaat aoAor Idwktity opox^tion* tlaaor 
invoralott afvootiyp ao polfatoaio groai^  roaaiaa invarlauli 
hoifovar two atvuetoral groups of N** rotaia thoir po^tloaa 
* Tha Aatailad pvooodvuro for tho oaloalatioa of thoao i>hoaoa 
ooioa haa alroady haoa dlaoaaaoA la Ckaptor I (aoo* 1«5«1)< 
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l a tlut l a i t M i l * fhB9% ianrariant «hsra0t«r« «r« ywtpoasl* 
him t9w $$ twmmlM%9tf aai €0 l ibraioiy aied«»« fli« iitttniiiX 
isf»A«« luRf* tocta ealeoXataA lir •nMvMtiiig the (ran of tVMB«» 
Ifttovy anA lUMmtorsr i ^ a a fyoa tiw to ta l phoaaa aodaa of 
tiift oxyotaX*« flioee iatofuai sofloo aro 103 in aaitlMir for 
tlMioo ofilto* fhm roAuoticm of traaalatoxyt lil>riito>ar *oA 
intonial i*0£>yoooittatiotui hm9 ^oa eaxrlod otit uidag foittola 
1.8t la OTAor to Aotovaiao tho atmbor of plioaoaa ^looginir 
to difftroat ^fwc&9try a^ooioo C^i^lo 4*1)• 
I t imM @lf>oad|r t»eta ^oi^itod oat tliat tiso tmiialetovgr 
modoo of valor isoloooloo got mistd im ooa^doratOy idtl i 
thooo of pot@l ato&o (E*^ ) eai tlior®foro» tli® fozmsr ssodoa 
hatfo boea aoocrl^oA i a torao of traaolatosyt librotofy attA 
latoraal aodoo of t!io ecnploa Dl^CSgO)^^^* fbo rtAaolblo 
roprtooatatloa X(t)*iAtort tlio ooaplos has aot iMioa eoaol* 
dorod aa a ooparafeo uaitt iaoluSoo tlio traaolatloaa of M** 
(aotal atoa)t 1^^^* ^^4 "^ ^ 4 ioa«« I t io» t&oroforo» 
Boooatarjr to aialkolaoaifjr thoao ptumoa aodoa furtbor lato 
ptaro oxtomol traaolatloaa aaA tho latoraal A ll%ratloa«l 
aoAoo of tho omylos tN*(H20)||j '^ 7lio phmam aodoa of tho 
osaplox havo booa olaaalfLod* ooaaldorias tf£^ ft m^'^ loao 
aa atqaio uaita viMiwaa (K"(B20)gl ioa aa a laelooalar init« 
Sliia gi'voo tlio Salter of iarariaat atruotaral groay* aa 10 A 
2 aad tbat of Iwrarloat 903jr«iMil« ffroapa aa 2 A 2 aador 
Idoatlty (1) * laToraloa (1) nyaaotiy oyoralloaa of H^^ 
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tht unit o*Xl h«T« iortlner betu elaseif i«d i&to extcxtisl 
tr«&«lft«ioa8 ClE*Ct)l ot tht exgratalv ecS lilirstozy C£^^>^ 
ooa«e of tSMi oom I^oz h^sv9 %9«a oMaJUitd Isy mi^r^mtlm ^^ 
mm of %hm 63Ettr2i^  ts»ffii@lLstaf;i^  i^ttic^ eioAes £x^t)] mB. 
H^r^^fsr ffiodoo of til® emplmi €X*C£)3 :0fom tte t o t ^ tf«m»«> 
Mtof^ r modes CX(i«'*)J of t£^ vs&%t G^ll. 
A eo3:volatio& b®t¥e®3 dlff@x»esl ©jfis^ t^s^  ©jscies of 
th& B^%& him tis@i& ^ t^r«^  fki tu%lm 4«2« Kith t^ @ hi$l4 of 
£mS tlid auailKir of i^ houou s^ oans C?»l»JUi 4»^) arislag from & 
dofiaita 1^9 of free stmtt of H20« iO *^» iiilt aiifi of tlm 
eaapl«x CK**(H20)^ J^ *^ The agranMitry eXaMlfloa%ii>a of dif« 
feresit pltoxioa moSee iti found to b# iaentloal to tliat of the 
milt cel l epproa^* 
Zt ie iaferreft fron these eorrel.stioiie that there i e 
m eoiBplete hreele down of eeXeetlcm inlee ae oHalaeA for the 
free lo&e of C*^  moA f^ eyaaietilee (eeee* I*t4 * 1*19) • AXI 
the nodee belenglng to the 80]^  » Ml aaA RgO aoIeeBXee hacve 
heeese eotlTe la both the latwmrwA eaA Eweea epeetre idiiXe 
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tlM a«i«B«rMi«9 Of tlw Aiff«r«st m»Am» of Tlbiwllo& of ttm 
emplitat 0i*(820}^J ia tiiooo oolto lisvo l»o«& rominroi «1^ 
ttoNUi tiudM ooloot^on mloo wmatAA viiidiittalMid (9«:^ Xo 4*2) • 
fho •w999%ton, io for ZE A Eaaaa fovbiAAoft )J | noAo vliioli I IMI 
^eoBio IE lUitiTo ( ia tlko proooat Oftso) n t h i ts dogoi^ raoir 
ocna9^ Mrtio3jf iPtaoTOil* 
Tim i^ afvaroa optetra of ^olyofirotolliiio omaoiiinB Mtlto 
of lii*>f Co*f fO» aoA HA* hmr^ liota roeoviSoA ia ttit 4000*400 
mi 
OB rtgioa QOiag both MBr pollot oai aujol nmXL toidmi^oo* 
'Sim rociato fvon tliooe t«<^ai^ i^oo mm foim& to tm iatatioal. 
Bineo tho oa*08Xt wiaorgooo sa ioa oxdeieBgo »itli Mr^ i ts 
epeotroB HftO» tlioroforof booa roeovSoA AS a eiQg3« thia <»<aro» 
taSliiM plftto aatf ea.«o ia tlio ICaS»$ ontvix* f ig* 4*2 oiiovo 
tlio iafnurod spootfn of ttio alKifO md/BL oalto ia tHo 3700* 
2800 «a*^ roci»a «lkilo tlm opootra ia %im ia00«400 mT^ 
i*ogiea ham booa iliowa ia f ie* 4«9» I^ ito to tlio op i^moiiibio 
ovorloypiaf of tlM liMitfo ia tlui rocioa 3700*2900 «a*% thof 
karo bo«a Aom %f taokta ilaoo ia 7i«» 4.2, Tim iafrsroi 
•poettaa of tlio partiall^r Aootoratoft m^Oo*oalt iiaa %ooa 
looovioA ia tlw 4000*250 ta*^ rogioa tai io OIMWI ia Fig, 
4*4 aloagiritii tbat of wAomtotalod oalt for oca^uriaoa* TlM 
iafvaroA oyootva of %im MBM«<— oalto of I i * f Oo*f fo*» Ite* 
and Oa» Iwro oioo iMoa roooi*doi ia tlw vocioa 400*90 mT* to 
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iAma^ltf tlm •xtcnMl ^sttiw m»A«« toA hm9 ^ M I tHunm In 
£Cxx)tf z(Yf)2» xC2i2)T» tiit^t^ z{m)r ma i:(rx)is f»a t^ uft 
of SE^ GOHMClt i l l tho T(I I}2» 2^IT)2i» X(22)f, T(2X)2 lanft 
4l(TZ)T oottfetovias eoonotrios* b«f« teom ibova ipeopoetivoly 
iid the f i^e* 4*6 ma 4*7« ^ o 9149 t Mao of t to Ar*' Xaoor 
«80 mMA to #9coito t l i * epeetra of l i l *«8lt at a pfm^v of £00 
ffiv «liof«gui tiso $3^ t l ino of %h» Bm^m laoor at a povsv of 
alboat 90 iBv imo uooft to t io l to tSio spoetim of Oo^salt* Hio 
tmpoXiLTis^ Ummt e^otf^is of miero^grtrl&lliaa M3^&u*ssl.t 
hBM te«& ihimi isk til® Fi£* 4*8 ulaiovo tlio 4680 I Moo of tbo 
Ijr** lsM9T vmo »«•& Ml an oseitfttiOA s9is?oo» 
fl it ittfrttrtA frotnoaeioo («M } of tlw siofoox^stalilno 
otaiioaiiai oalto of i(i»» 0o*« ?•»• Ka» and Oa« alosag «ltl i tlw 
9«ftk ia toadt lMi (X*}t folX ifMtlui s i luXf tlio itazimRi i n * 
toaolttio <flfBill,AP«r^) and tmmiffmmtm of ^ O M 1i«n&« 
hmf iNMA «i<r«ii i a t t e Vtlilao 4*4 to 4«S aaA tliat of tlM 
yartlallar Aoatorttod |{B^Oo»oalt hmm %ooa clToa i a tlio f oMLo 
4»9* lHo oUMtfToi a«Mai f^roquoaoloa ( « ) «].OB««ltli tiiolv 
irioiially ootiMitoi poalc iicl«Mltioo (Z*) oa « i arMtiwry 
•oaXot fia9fX (Avoi*^) aaA thoir MOlgaMonto for tlw M^ta 
^fp9 tko Aoaifiaatioa of i i f f t roat poXarlaatioa i^oaotvioo «• 
IMTO ttoo< tlw otooAaH aotatiea slToa ty i^orto ot a l (9S]* 
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9t iil*, Oo* MIA 0«^ tiMr« %t«a «lT«ii in tlM faliliMi 4«t0» 4*1 f 
aod 4*12 v«9p««tiT«ly« fh« lofrMrcd fr«<|tt«aei«« of ili«vp * 
Mi l y«Mtr«A ta&d* 83p« 4MS«uni!l« tifto j ^ «« iili«rts« tlioM 
of IvoaAy diff^M iml aaauAXay ahttol^td %iiolc ar9 sofmr«l« 
ii9t« t^ O at** • flm EMUMI €iB^u«&oi«« (oi*^) arc ttooitrad* 
upto ti1 «i for ^avy baaSt ma v^o ^ oi f^ ip ««ak a&a 
fH* iys^ajiVf 2, mA % •taoUl r»«9«etiT«l3r for tlM 
ixitomoly lltoatosy a^di tvoaoiKtoisr isodos iritli tlio onpoi^ 
@ori|»t9 «t •» a sttS o iBdiofsliiiii %'im tm&mn duo to tiao imtor 
£iol«o«2«o» ^l*** HB^  e^i ocmj^ aox £M»(BgO)gl^ '' voopoelivoay, 
9lio So|* and Hl^ imii Iwloog to tho totvohodria (f^) 
mnwotiy* lutflai; foof iAtomol aiodoo of vibvotlont V|» v^ t^ 
v^ n i V|« AlX thorn aodoo of •i%x«lioa «ro Hoston ootivo 
vhairooo oiOsr w^ A ^ MOdoo «ro lAfVirrod ootiiro* Itt t te i»vo* 
oottk oooOf hamwwwtt oiaoo )»otii So|* A IK^ iono oooia^ 0| 
oitoo of € ^ 09000 grooF &o 9IX %lm wato oodor dlooaooioAt 
V| & Vj M*** ^ovo %oooao XR ootliro wid tto voofWOtlTO 
dofooorooloo of tlw ^2^'^ * ^S^'s^ * ^4^'a) *<^^ "^^ ^ ^*"^ 
Uftod (fobXo 4.5) • fluirofovOy ono 00a oi^oot io tlio 
oxtvoBo oooof o i l tiM oliio IfttoiBol Kodoo Of TllMnitioa to 
09l»oor olanltoiioottoljr io Roooo and iafrorod o^ootsm. lot 
tho oyoootrioo of IK ootivo aodoo (!« * B«) oto diffovoot 
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fsnw «k«M At Mmum M«iT« wmtim {km A B«) to tiMi •tynlfll 
of ttMli Of %m t«t«ilio6rft& grott^ o* lo a^ o to tlM lawor idtt 
w^tmmtff moA mem i^Uttuif io tof»oA m tlui ttiKtio fioti 
09l4ttliii HitTOM liaa^ lMir o^l^ttiftg of t&oot tto6o« islo « 
BuslttHi of 5i ooBpoiioaAOt An* to tlio t&tofNBOio«iil«r ^ ^ 1 * 
SJSC o^tvooA ttio twm imito of oois^  of ^^ aoi i ^ ieno £m 
tlM ix&it ooll Cfa^ Sjo 4*9) t io toisoA o« tlM Ayainio or 
oo¥f«l«lioii f&oM i:^ IJittSjm* 
1^ tito lafrwpoC 09«{ftf« of ii*t <^ t^ •^^ ^ ^ A HA* Mito« 
^ o )^ | wo&o nfposrii fio ft iroiite m&. flEayy %oi3i at ^5» 989t 
96$ o«a 999 9m voofootlTOlr o^yowi i» thut of Cm o^alty 
i t « , - » » . n . k tat «t «« «-* M U 1. ».« . . * « > 
oo tte oorrooiK>oHaf o^aA in otlMr o^ Xto (Fig, 4t9). 1%o 
nook Imtomoltr of %hkm aoAo So AIM to i t teifi« oXlowoi ia 
1^0 opootro oaJMr tlupoogh tte footor sivoy MuOyoio (To%3« 
4*9)* Boioc ^ totolly oyoKotilo otrotiidAc »o4o« tliio 
m f^ooro 00 tiM tlMapyool MA tiMi otsoMgool inai ia %\m KMMHI 
Ofootvo «t oi i tkooo ooito. iooooiotod vitH iy* oaA Bg» 
flgpMtfloo ia Xi»ooltf «idlo aodo oypoofo vitt aooa frotOMM* 
idloo of 9B9 * 9t9 oa** oiwgoao ia tluil of Oo««oit» tHo 
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1 ^ MtigMiint» of tlM hmAm %§lmmiM§ to «li» >>« »oi« 
ia tiMi liMttw «9«etv» of Ml* moA Oo» iMiXts mm mot •tratilKt 
fwpvtori* flM mmUmat of ImsiAo otoofYOi oonroopoitftiiig to 
o«i^ of t&o J^ «» ant 8g* iqrwMtfioo i» %olli tHo o^to to 
isoipo tlioii tHem oi^ MMtoi Ctluroo) ^ros ^ o faotor group «»o* 
l^aio Cfflttio 4»3$« !^ i l iviitx^o tliio i^iat «x|»M^tl^» 
t£io Haoatt ofooifUB of li i^Mlt Cfif• 4*i) ilMvo oix %aBdo ot 
ffiOt f 140* «I29* 1100, f072 li 1QS9 «R*^  in «M » » «Ui 
^oi^ is ad f143, t144» ll|2» t i to , 1090 * lOlO mT^ itt tlui t f 
tliyoo Iwailo «% tl90» IM5 A 1077 OR ia t^o Mt four iMuiio 
«i tt40» II19» 1077 A tO^ «K*^  ia tlui iX» foar iMwAo «l 
It97f H42» f09t A 1070 oa*^ ia %%m %M polaitaalioaa ( a U 
iNiaaattai to Ag-Ofaaotty) oat foar %oaAa al M4St U50t 
1109 H 1079 « ia tte TX yolatiaalioa (B^opFaaotfy) • 
ooa %o otoa fvoa tiM TabJLo 4.11* Xa ^ M aiB#oiari»oi Koaaa 
^poottaa of Oa^oait {Hg* 4»0}9 no IwifO o%oovf«« fiira %OBIO 
al l ioa, 1140, 1129* 1099 A 1070 mT^ oowrooyooitng to tida 
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ti l* »Mili*r t f Wdyid •ii*»rv«i ift tiULc W9g,tm§ iAi«ii »«ir ^ 
avSlrlun' ^ «t«owiti€ itt» to tk* poHorlMitiOA I f tlui s ^ l * * 
Kion f it lA aor An* to tli« eoatfilutioa of t ^ oXo«tvo«»Oftlo 
offoot {401# fttvtiwnorot Ifttottoi^oo of tlMi ^mUm ooirTo««» 
^Oftiiac to tido noto in tlio EOIMHI i^ootf» of tH«iio oalto 
lueto Hooa tmM to l>o a«tito ooole* 
%^o iafy«roA i^o«t»i (fi«« 4*9} of tiio oalto tmaor 
j^ voooftt tio^oi^oA orot t^vorort aoro rovooliaf tmS liolffol 
for t te pfopor ooolgi^t&to of tlN» %«&io Itoiimisliif to tko v^ 
iioio* 1 ^ ooPfoofoiaAliig %«ofto I^ PO iroiy oti^ 'ong <ti^  opfoor 
ot tHS A 1099 mrK 1145 a 109^ mT^ lt$0 t ftoo «»*% 
I107» lUOt 111$ ft 1080 mT^ mi 1190 ft l l l i mT^ i» tuo 
roitoot&vo XI ofootim of ai*# Oo«** fo«>» Vim" oni Ott* ool.to« 
XA ft4«itio»« thovt to fiXoe o ifook iMuift ot lOiOt 1049$ 1070 
M A 1070 oa*^ roofootivoXf in tlio i^otvA of «ft*» (io»» t#» 
oni e«» oftXto* filio iMoA iMMi» konovoTi INHNI ottvilnloi to 
m oo«ilj|otio« i'^i^ vj> «oAo of ool* iim* fkooo olMiotv*» 
tiotto oro fwptlMir ooriolovMoi i f tiui oorX&or X& oloiioo 
(ffolOo 4*19o) ooivloi oot t f BauuH^hammtt^mmm t1993t Browo 
ft Kooo ClOil* OMiylolI ot ol ttOOl ooi HMMtowi ft loXXvofo 
tift i j* nuPtftofMOvoy M M ^ roooaoo of too voff otvoog %•»§• 
0* 1147 ft 1090 mT^ to tfto iKlMroi opootvM (ft«« 4«4y of 
tfto foartioXXf Aootonftoi ooXt of oo%oXt oloo oo^yftto tftooo 
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•M i l Of Ilk* iu» tut B^»ii«Mitfi«» i » tiM ftiKMi f f ii«tywi» «t 
lUKt* MMtiMA flM %iaA» idltii mmm fwmiwim»t99 at tf49* I fO i 
«ywMil«y «ai « i H4S» 1109 a 1079 ot**^ wA 1 1 ^ * 1100 A 1060 
. - ' * . a « » ^ u . , . , « ^ »t«! . « . « ^ - x t . ^ ^ . 
tf»ijr* Xtt ^ iw mp«3Uifi««A livift »i^ «ifwi Af @»» MOii tiM 
%••€• olttfinriii ftt 1148» 112141 109$ mT^ hm% iwwft mm*' 
oUittd vitb tlt ie mtA*. Tim wm9iimim mmwaAm^ %mAB i& tim 
Mama »ffet i« of £ i»t Oo«» iMii Oi* MiltCt vUlcii Urn iM t^b»o>^ 
• i t ^ r (v* # v j l er (vS 4^  v|^ o«i1i|juitioa tmrnm iftHblm 
4*10» 4*11 «fiA 4*11}* fh* «Hliaii«<tft tatoanlt i ** of ooso ttf 
t l itst ifiiBemli^i %i!)i»lii wtw ^ ^ ^ to rooottoaso iiitoiraMitiOMi 
of 1 ^ Wg* oosa^ oaosi of ooaliiattlioii m»0m iA%h %lw v | f^»ui#» 
ttoniol (oyMwIffr vpoaioo W^) aaio* 
Bofoirol. t o o f o i i lo i t ffooMlijg ooaoofalaut %hm iMiikio 
MMOiOiOi Wlttl ) ^ BOliO i « tHo igOOtfA Of tlMl OftltO UMiOT 
41oottMiOA (foMMi 4«19« tmA %) lunro %O«MI ifoi^vtoA ta tko 
yoot !MI« AO of for i oooao to kovo kooa aoAo to glTO 09i>vo» 
piloto oaylAMftioao for tiMM OMI gkv m ooaooUJotoi yiottBtro* 
iJUMMNMMUNfOjnUMMl t l 9 T i iMrfi OkOOVVOA too %OttlO 'iM tJMI ttOMMi 
i9oot«Hi Of 00* M i t irimpooo lvo«i * loot t i t t i iMWo foyorloi 
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tlUNt %Mi9« tA ltk% lafvMNii ttttiT #f tld« Miltv Mmtum * 
B#M t t i i } &«i» 999mf%H «»2jr • » • i M i t i 4f4 mT^ i^ UUU 
AM«illMmHPi9»B«i t i f f I iMi iAHWW«« tvo iMoil* (ti^llft4«19«) « 
U WW 9«lMriMi ftMwft m99^vm #f « i * M i t t «• iMKW 
olNwrf«ft ft »tiibn iAtttuw IMMA • ! 4f9» 4(2* 49if 49f * 4$9 
•aft 460 «i*^ ia tl i* VM^tt t tv 2<II)Tt I ( I f )>» Z(2ft}T» 
<8g»(mimaffliy) •Ba.tttnag i«OMttfi«« «li«y«M in t^ttt of Co«> 
Mi3Lt» t]i«r» «!• tvo i^lit «w(|H»Miat» «l 4(2 t 4$i ViT^ ia 
ti l* T(XDS» 4i2 * 499 «»*^ Mm tUt Kff}£« 419 A 460 mT^ 
ia tlL« S<22}T» 4tiO A 4ft «r^ i a tlia timz <«U 1i»2an« ^ 
A|^ «*iQ«MtiT) (ui« at 440 * 4$2 oa*'^  i a tlMi 2(fDY (%• 
ipoMtiy} aaatttviai ««Mwtitaa (fa^Ua 4*10 A 4*10 • 
of tbo ioioaorato aNto iato i ta ooayoaaala of a farlioalar 
•fWMiti^ r i^ooioa of tlio oarraial 09000 freaf ( ia tlM ^voooal 
ooao Ag or 1 - of G^} la oayloiaoi iao to tlio t&twmmtli^ 
oalaa oawiliajt* 80 va mmsr auar tiunt t t e OMMMUHHUMI of too 
%oaAa otfaoopoatiag to tlio vJ aoio fta iMtH of 4^* oai 8|^ 
aipaaotKloo la tlMi ttoaan opootvaa of IMi*oa1t la aoat Mfcoly 
iaa to tlM Sai«a»aolooalaa ooaylioj of I0 |^ i ta* Zt ai f # 
aovo'PMFf 00 aotatod 000 tluit tao oojpovotiia ootwaMn lUbo aooa 
fto«aoaoi«a oaaooiatoi « i ^ 4g» •aO M^ aiaailaloa of tiM V | 
ao4o ia tiM i i » aa4 0o» aoHo ia taito olooo (^ ^4 mT^)* 
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Zft tll» iAftmrvi i f v t t f * « f Ji l*t eo*t f««>« K»«> lali CNl* 
Mi2.%9« 19 lunr^  •liativiil miiy tMMik iMnis nHQSNHiflif^ Ijf id 4i0 
A 428 « r % 410 t 4Tr «•*% 4f2 « 45i iM^'S 4 f i * 45t m*^ 
mA 430 W*^ M i tHijr tuMm i«ini iitt«il«lt4 H Urn v{ •»§• 
«t 8o|* ittft* flw uMik i»%«MA%l«s of %lsmm tenlt mir IMI 
t^gltlati i « i 1» tli«ir i$f•idPioM ia t in X% (^ctttymi flupiugli 
tiNi tm&%m 0fm9 mmlw^* {••#• 4*4) • At «lXNiiiy iii«iiMMi 
tH* t«e lMMi4tt 9ii« of A^ «* 0iai «lMi »^i»F of S|^ifawitif SA 
tlMi iiMiHi «p««lxii» of St«««It «?» duo to ii^ ov«Haoloeal«» 
ooi^liftit i » soar iiNiPioot t l^t tlio too ^ma&m ta i to ijifiwfoA 
«foot««i ovo ol«9» Smo to tliio ooafUysg CitttoiNe^Jkoenloy)* 
4*5»f.4 2£ 
Oonroifoiillie to tfto txijil^r Aogonovoto v | »o<0t 
yootlipoly ta ^MI HomM t f i f l ani inffforoA {199} opootim of 
Ni* ooi 00* oolto* Mwmm * aooo tIMi l» OA tlio otiov luoii* 
lunro fivorloA tlivoo ta»«o oi ft7« i!7 * 404 OA**^  SA tlMi 
490 00*^ to ito isffewfot oi^ ootffwi* OoofboU ol ol CIOOJ 
OMMMAMU oolto of Ht'Of Oo»« fo»t Ho** tm$. Oip* o—oaii tvlton 
ooUo (fotto 4*15« ooi %)• 
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Ml-^mlt (yig* 4«i)f «to %Mii9 99rt99p9a$l»ft to tii« »^ 2 »»A« 
mm of aitiliwi t» t«Mi t iM «BA hmn W«i «%ftfv«i vitu i ts 
^%§$mffWBf fMPiiftlly llfl«A iA ttool of tlto ooottoiriBc goo** 
•otvloo iM io ia t!iiit of tlto C!o»»oXt (figt 4*7) t tlio d^oao* 
iTftOj of tiw v|[ 8oao Itoo ooaj^ aiotolir ^^mi HftoS tu tHo tt ft 
4Sf j^Iiinsotioao (4|^i9wiotiy> oaft i& tlw fX foiitriftitloft 
{Bg^agwrntHitj^ nuft tko iMmto hwr% iwoa oliiiof*voi iNioi»oftlliroljr 
lit $nt €35 H «IS «K*% i37> 6aci t 610 «a*^ m& 62f • €19 A 
€02t mC^« lA tiM gfolaiag ot1i«r poii^aatiffifto ( I f lb ^£) 
of tuo Co*>mXtt tbo o^ipsiortMgr of tMo itodo (-vjl Imo i^we^ 
tlskUy ^mn i i f to i (Tii)»Xo 4*11)* In tlto «&pol«i*iaMMl Eoiiaa 
o£^ «ot«Mi of Ca» oiiXt* tlLO mtt9ttp9&&im ^wtAs ^^« ^«o 
olioowii «t €40f €30 Is 61$ mT «itli o^prooiiiliio iatoa* 
oitioo* 
Xt aiqr %o ^tutot oat tHat t&o iMuido 6tt» to llWrntatf 
i»ti(»i of votor Moioooloo o^i^cr olaoot in tlio oaoo iNififm 
ftii tlMt Of )^* Xm tho %MMM iq^ootsttst lb»««vov» nm idwMtl* 
fiootioft of VJ MOio iooo aot fm aay ptotiXoM oo ^o koalo 
lioloogiof to Hiio aoio ofo t^ioot oliofvoo tiM XilMrotof^ r 
BOioo of votor noXoooloo oro votf voOk* OA %im otHor haaAt 
ttt tko tafroffo4 opootmuiy tiM l i lmtoiy »o4oo of va^or aoXo* 
ooXoo «ro of offVooioliXo iotoooitioo oaA tliovofovOf i t io 
i i f f loul t to ooForaio tHoa o»t fvoa Mio v | aoto* BonovoflPp 
im tko proooat Xt onol^ o&Ot «• iMto i i M t i f i o i tlio koaio 
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hX^opB^tetf Mfikl«« of wktmv soXvdttl^* ic^tivriilly «j}|i»cr its 
Oo»« •^•»» Ma* ma Ca» isaXta Vii&* 4*3) }i%T« bt$& iltHliutiiA 
t9 t i l * v | KOAtt* 
T ^ •gttam»tc0f tn £af%i@a«i V| @&a v | i i^ve im tit* 
itify i^a:'tS n^^e^rm of a l l t ^ s i l t * inaieiilts ttistt tlk« anl* 
tftytwfll* A o©!E:tsili»a of t&?» lii*«aiiXti«» of tft« teia» 
ea3fjpe«9mi5 i^g to tl it v® ®oS© (Fi^» 4»5) ©f ^ | * m^. »l«o 
af tltftip e1»ij«3wreft f*«Q»«a«gr «Mf l» (?abl» 4.13a} from It© 
fip»« 1^» val3s« C~%f «•**) ta t M taHmi^wl 99«et,ra ©f tft* 
ftftlt* »ai«r pf»8i*at Akmnimitm i^Mtemtem tli«t tiJt lintttr 
a i • ta r t le t of tlid sa| l^ Mi f^i» % igrmm«tf!r i t gru^eat 
C'^'t4 OK**^ ) i l l tit« HsL«aaXt m4 Iwaviit iA tls« Ca«»9slt« TIMI 
•S i l i t t iM of tiM v | a«d«» ^ id l i is alfta 97atpt9a&titt of %li« 
liaaftT distortiim of ^ | * ion, also eorro^rBtsfli th« aboT* 
e9&elii»ia& li»«ft»fi« tl i i» m»^9 «f l i t e isto fowr t^TtQug oomp^^ 
A«&t« i& t ^ llft*«*lt Hf^rmma late %IK9 «o»9oa«sit« in tia* 
rmml^Ag, 9tli«r lBV«*tic«t«A ftiat«» notmwnw^ t ^ fv** 
i^MiMtr a«pftratleii tetWHm tlM •aetrtna vpli t e»fit|»<ia«Kite of 
tiM >{ Ke4« lA the llAcMlt l« t i l * irir«ftt»«t ('^107 mT^) 
irlMr*M i t ! • tlM l*tt«t ('>'94 m ) la t l » c;ii*»ii«ilt« Tto« 
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iH^* ift» ilidvft ft IftTci 6«irlfttlOii (^ 6*0! I j ^ trm i%9 trm 
•tut* irmhm of l«4tld t fSOl 3 i& t£Mi M»»tHa%« 
A «ri%ioftS. loot ^ t 0 tlin ofjttaXliOfVi^liie d«l« of C«* 
ifSiiSli^ to thmt of li»»«fa.t 
C?a%lt 4*f4>» ;f9viiv«:f* tks sitsetvai of Consult far &)M 
intoroKl. «odtas of iQ| ion M I trail a« far 1^ 9 ntim» m&Hm 
of difformt esi&iitituoiito C^^, SgO, TjoCS;^>g3^ oto.) 
ret*s%lt» alamlf ^ith tht^t of i»iw«tlt r^ l^r t&i«i lfa«« 
X]i«rof^rct ftartBiJtr of3rfitfili4»ii?tpMo i^voiitigmiioiis fQw tbio 
(g»It ffir« cj3l2.€i fttr no t>tat t!-«Xr roiwlto ^afof« tn tfeo 
®^aot70oeopio &&%«« 
fMo AofiOar Siotortioa of m^ i^a fmm if i»orf«ot 
t«tr«l»Ajffti (f^) tfpsmAtf mmm to Ho greotoot ia tlM Co^  
iMlt* tldio Ho %of»o oot frcMi tho olioowati^A tltot Amwtm^ 
tioA Of %h» hmaA •% 450 oo*^  fmm ito froo IOA YA1»O of 
451 «i • mrrmmprntiU^ to tlM v | MMIOt «isii^ io totoUjr 
lorgool C'^ 'Sf oft**^ ) ia tkio oolt* fMo rooolt io ooaoio-
toal vith ito ofgritoUogfi^iiio Aoto CYO1»1O 4*14-) wi^ro t%o 
aoaa 0*S^ oafflo of ao|*^  ioo io 109^1* ia ooayoriooa to ito 
•oluo of %m*m* for nm porfoot totrolMtffmi {f^\. Xt io« 
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Imw/fwrt ^d iit$%« tuftt «li« mem D*8«^ aagltt lisi t i i * aR^Co* 
vslu« in t^« i<B^Ctt» salt* 1M» sapi^ortft otn? >^r«vimts 
I > 
^M i««B C/teti^ of thsm eslta ^ i i liot te«l9 u® to 90iv« 
%iMplMVm ffetf liair#, tlMrr®f5ir»t Mna jT®fmftt^ to i it«atiff 
citi» ta irtirotQhibg a{>a«0 at ir&tur iiQl<i(mlfi« an^ t i-i'ii^  i<m in 
ImltQ an optlntiB aianlwir of l.<}r«at»itKi timpdi hma&m (sMwm 
1ir iMPokMi Uii«« la th9 flM* 4*S)« tli« t>wi4M li«lAii#iac to 
tlMt jaiB^  i«a 1« tH* MOteiilaM tuttoa •el%»« (lB^)2^*'(S0^)2* 
GljOi lMnr« l»««ii Mirt«< out tgr » MttpsrlMa #t tU«ilr iftfr»» 
r«4 »p«otffa vitii tiioM of KIMI ectrroftpoiMiiiii: iKi«>«tjmot'iim3. 
polAMliai tttttOA mXf E2^(S0^)2*€K2O (Captor T) a^fl «1M 
with thorn 07 %h«lr ?<ir»xit Mvalwat aotaO. aaXphittoa M*'m^^ 
ttSjO (Clifiptor I I I ) • 
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T&t fitimykmak^B « f ^Sm fim* «%«%• Mi^ ion fojr ) ) | IK v^ 
iM9»a«» fldf* r«(ii^ ««1(iir«3jr 3134 tmA ^013 OM C26J* fbmtwf^nft 
%}m ni«f««tiv<» bftiils oliw»fv«« « l 3070 & i^ ^^ W «B*^ t 368$ it 
3025 w i ' ^ 3(m a 3020 €»**• 3090 ft 3020 m^ iiai 3tOO k 
30^0 <Ml IlijnPtt listrii ii«toidat«i vi th %li« -y^ wui vf KDitfli of 
Mi«> 0O** ?»»t £ j i ^ end &tiP>i»ltft« 
C«S^>/^*% (k« • i*t, f«» • • • ! X <» ca, P, . . 4 at imrients 
a9|ir««9 of AwnlMrtLt&oii in th« 4000»fCtK) in * r^gtun* fimy 
id«it.tifi«S tli« «tr«teMii^ C'>'| ^ '^ «) *i£^ tmnaiiig C'^ g^ ^  ^4) 
4«f 5) takinf th» atmlot^ of t !^ assil^ snw^ttt msit® in tli« tE 
sid«fit»ii of tliff |i«nia3Ui^ a€Uteim«t€ »#tJ&fia«« tPBh XA t i l * 
^r«««iit liiT«8ti|:slloii of t i l t jiiUPtialijr ^@tttti*Qtta SufnirvA 
s>««itfi» of %|}« iiB4Co*«al'lt «r« hnv9 m»mlgm0 thm h^Mm ^im 
«o diff«r«At (3«itt«r»t0a upettiiiM of litt naiBio&itM i^a mi tiio 
iMMis ef %b« revolt* of OjitOB ot «1 t202 J« 
Za tHo Jia« otrttoMag rogioft C37aO«2a00 M* '^ of tlM 
^•r t isUy ««ti««rftt«fl UUTffvPoa •pdotmai of oo^ iULt ««Xt» «• 
iunro obMtrvoA ithroo lieado, lowing Mi* ! * «&• iMuido Suo to 
votor aoloenloo ttl 3090« 3000 moA 2880 w*^ ( r ic* 4.4) • 
imo fvo^ootr i^otie of 3089 mT^ ^mA of tho liydrmto6 Co* 
ooXt irltli roopoot to tbo 3050 « i IwoA of tHo Aoiatorototf 
160 
mat Im f.OU fhut mm9 ifiitio (tftM« 4*15} hm nlto %«9a 
oli««rr«A %gr Oxtcm •% al in l&e i«ttt«F«it«i C^»^)^CX|| fov 
v^ eoa«» 9f ^2^1 sod M^B^ iOB*. TUtrtfora, tjii» !i?iai% a^  
3050 «« 1ft tK* «p«etxi» of tli*» i}iirtl»Uy d«iit«r»tiifi ao* 
salt 5^ 0^  iMi aitiilgii«S to %h» v^ aodti of l^^ l^/^ li^ l^ ^ SM good 
»ppr©3clii^ atJ9ii. Tit© JE i^aitlaliig l^mi^B at 3000 wi# 2080 —* 
i» ttie fij««trH, of tht :3m*ti»lly d«iit«i?9t«^ Co* «««lt .mf 
mrreaptmi. to v^ iiayS ^i^ Koitii of i«H^  loii y©e i«etlv«ly» TIMI 
titvijstlom of tMtm freqmescits fifss" tljoss of the rt8p«etiv« 
oT»8«rr^ firsttteiielfrs i» ttm li ajactra of th« hycirr^ feta Co* 
salt Biay fe® ^ ^m to mi^lag of ^ti© ottmt ssofte of tfuteratui 
or Isfigr&t^ i ®p©©i®8# 2li© erjsotea v« sofl© of idl^ 3Um lis© 
gto«t tjTolJsljay i^ ot ai:c«a up mtth t!ie «tr@tcislug £Otl«® of 
wat«r soieealos, la tli© psstislly f.eoteyitpS ijifrai*«id 9:5«c* 
trtaa of (^ H )^gCo(M)j^ |g,0I*,Ot Oxtoa .^ Kaop t l U i ia»tttitt«a 
%hm b«pa« «t £365«6# f332.5» ?*21?.5 a«S 2261,1 oa*^  to tim 
v^ KOdo of m^V* optelM* leooy^lzNglyt th« Iniiid mt ?360 
« * ' In th« MP-Btrtteliliig region (2600-?200 c«**1 la thm 
ptrnwAt om— »aar b* eorf*«lat«d ifith ttm v^ eodo of MU^* 
ion. It Bay, liovovar, IMI |>oiatii4 out that ia th« aoatarataA 
iafrarta spaolxita of iMflL^)^%QX^9 Oxtoa al aX f202 2 bwta 
aaal<tii« tha atrat^iag fra^ataeiaa (v^) of M f^i^  i»a HK^BI 
ieaa at Ilia aaaa fva^uaaif. TlMraforOt tha %@aA Q%99rfA at 
•I 
2360 «a I A tlM daataratad Isfrarad opaetnos of Co^aalt, in 
tha praatnt oaaag aay alao eorraaponS to tlia v^ aoAa of 
IBl 
•tr«toliii»f r«gi<»ft of tli« ««iil«rRt«4[ Co» ««If «l 25tO «M 
2250 mT^ liMr ft ratio of i.3'3 mA t.^T iftoptotivoly ittth 
roifitol to tlio v^ soio frotvtattr i^ ^ ?0@$ MT^ of M^ ion 
in tho itjNimtoA Co«>MXt« Oa tho %«oi« of tldlo 9hmm0i 
ratio t30»20S<*20$l, tlio %fitiAo of t ^ doutorotoA suit »«y 
lio oooovntftd for tlie vj K^O of oajr of t^t UB^^^ kmt or 
I>1^ ^ oi^ooloo. flio ^oooiMiity of th» agnswtrie otrotoMag 
v ^ iiofio of ^&2^ ^ ^^ ^^  ^ ^'^ itlrosiy bti^ ii AioemoaoA* 
^torofsiro, tim %mi&w c^ £310 miA ?250 «B*^ in tho doatoratod 
Co*-aalt emM &dt l» iMoooiPtti «itli tim aigraisotrio etretd^* 
i»g v«^ »aa« of **^^2* '^ ^^ <^ * tli^^ t»Siad8 na^ h.m0 «rio«a 
«e© to vj ffioto of oit^or hhSi^ or iiuj ioms. 
IB tlto ^oo^iiig »odo ( v | 1^  v^) rogioa of vator solooaXoa 
m0. MU^ ioa C 1800*1 $00 aa'*^ }« tliaro ia a %roaA ovorXap of 
a^oAa ia fiio iafraroA apaotros of aaoii of Jii-t Cki*f ?«•# Ita-
and Oa^MXta. It anipriaaa 9i! vaU daftaaA tmaAm at !76$9 
itff , i«»o * i5to mT^i n«o. n i o . ffitto A 104$ «i*S m o 
I730» 16B9 ft liOO «a*S 1759, U92, 1670 H 1690 aai"^  aaA 
1779* 1720, 1680 ft 1609 mT^ raa^aotivaaj ia tiia apootra 
(fiC* 4*9) af alNyva aaatiaaaft tattoa aalta. c:^  oon^ariac 
thair apaatra aith tba oorraafoaAiac potaaaiaa tattaa aalta, 
aa iunra aaaicaa4 tlia laat INMA ia aaali of tlia a'bova »aa» 
tioaa* apaotra to tba Vj aada of vatar aaXaaula* 71M 
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M#«ift ttfimm^f Ua&m ut 1765* 1tlO« 1770* 1739 mi 177$ 
etT* in %im W9p9ettw Xt wp^mtnt of Hi** 09»» ?•«» K»* anfl 
€«»*> •«ait» msm •xMMtii^ Xftrg« ttfeiftv C S^O m ) temt tim 
txv$ turn wvCtm i^ t^^ mT^} of v | iioi# of 11^ ion. ittoli 
Imrgo iitiff» eftimot ^ neemmttd for thm ffiagtOftr fiistortida 
ti>^ ion. tlM rms^ UUl&i; t«o i^DiSii iia ^iils r«gloii at t7l5 
#. 1680 ^-^t I7t0 % 16a© «s*% 1750 t 1685 ai-*, 1692 « 1670 
ee** mH f72c a laio €R*^ Hi tM 3?««p«ctlv« iFl 8i.i«otf* of 
t%» ^^rsttS HKi^ OEltm .^i*t ClH»» !'•«•• f^ ** aiid Q8« isftltn hnmt 
l^ i&gii ms«igii«i to ths v^ ii^« of .^E^ ion* l^ tim i?®^iiil3.y 
dtmtsrBteS t'i mm6%Ttm Qf Qo^milt (Fi|^, 4*4)» t%« t«t> l>tM» 
ol»«i»vet at 166C ^ 161C CB*^ 6mir« h9m& aa«4ga«« t:^  t^tvg 
»t>fi# oi MU^I^^AMJ^^ speoios* Tit*** »««l|p»ifnfe« aro ttnwA 
on %im vr0m9&%9 m^9 o ^ •MPMOT for tlio idimtitisiktioa of 
t«t.U7 .r» . t^ . (vf) <,tr.t«i>i»« ,oeM Of »«mi« i<» ui 
-» 
flM vj noAo of tiio HB^  ion fmlXm itt tli« lnoXtttod fro* 
qwmvjf T9gkm^ (1480-1400 OM ) of tb« »p««%r», Tli«v«fOYO» 
%)m OiMifiuMatii of tlw baaiAo )ioloia«lag to «blo oiodo iiro 
twottblgiimao, flMiafo atro iskroo atoAina ifttOMOo \imiM ot 146$* 
1432 & 140$ mT^, 1475, 1438 * 1407 m"^ aaH 14ao* 144® A 
•1 1419 OB in %im rmmpmttf iafmrod opoetro of i&i«* Oo* oiiA 
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f««'«ttit«« QA t i l * otli«r hmA^ &tt t l» SMtfmnA t!p««tfiai of 
Utt^Mlt, ir« lunr« tAmrwA m vtf ntf^a^ IbanS at 1400 9m 
mi 
9M in %tmt df Cii*«il%, • maAiwi iii%«as« hm& id 1420 «s • 
f&tc is l ie i iaa tluit fbm %o&ilac of tha SR4 taa in ttia Ra* 
an^ Cii->aal%a i a ftiffarttat ftt>« titoaa at atltaf* rautainiuc 
aaXta C^i»» Oa* lyii Fa*) . Hawarari ft«« 4*9 f&oira tli«l ttia 
%aad at !400 m iM tim a^aetsm af Ita^aisl'l Sa small mwpp^T 
Cfwimz • 2 i aM'^ 'h tmatt thai a t Oa^miit Cf^ T^ HI « 4S aa**^). 
f M a iaftiaataa a anbtila Siffarsnaa in tha t^ttira of t i iair 
ai^ Tiyoaifetmta* t^ lia a^^aetfal faattiTaa of t&a l iAia ^loo^iim; 
to tHia ^m&m (v^) ia tlia aautafulad XI apaetroa of t3ia t^ 
aaXt ar« i3tff«i»i*Bt fp®8 tant of t l » e03?r«aj><mf.iiig lifdrat aft 
aalt CF&t* 4«4)* ^ i a i a soat pjfo^a^Iy ^^^ t& tlTie ^fW9v^ 
Xappliig of tlia %sMa ^lo^siing to tha -y^ KoSa of itH^* ^B^B^ 
^»4 ^2i^a C'^ o®^ *'^ * ^^ ^^ ^^ ^ notot timt tlia v^ n i^Saa ^aa 
ta ^1^^ ii WSJst iaaa tS02 i «aaM H a toaat^a tlia lavajr fara* 
tuaai^ alia of tita apaatya» atoat praHalbl^ r mmrlmppl&g, witb 
tha ^1 aaia apaatraJL ra«ion C «^^ 00«1600 aa*^) of 9 Q | * Sou* 
Bafara fttaanaalaff 9wt aaaigaaaata for tlw v^ atoda af 
•arioaa ftaataratatf a^aalaa af amaoaiaai loa In tHa tfaatarataA 
aa^alt aalt» i t vlXX %a iMittar to apa«if)r that tHa iS^B'*'f 
ifijX^j * ^ ^ ^ ^ ^^ "^^ ^ iNilmiC CZSi raapaativalj to tlia O^ *^ 
Q^ aai 0 ^ paiAt ipi^ aapa, Saa to tam&r ayaaatviaa of tteaaa 
apaeiaa aa oaaparaA to tl»a iMn*faat tatrakaftval ayaaotfy (f^) 
of KHt iaat ilia 4a«aaavaogr of v^ aofta liaa laoa partiaXlir 
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aifl«A tA •H tiMM «^«1«« am m r«tii2t •# «dil«k on* t f tlui 
l«v«l« nvtilMi iJaovl «l tlui « • • 9»aitlo» «• 9«SMI«MNI ta 
£» ^M A««lw«l4ii iiif»r«f«i ip««lfin of { i i 8 ^ ) | ^ ^ t Ozt«B «% 
• i 12021 htew Miaiiaod %)M ^mUm tQT vj^ MA* of Mjli*' «aA 
I^L^I* iui«e<iiiil«A iritb tlMM tvo 3.cv»l«t iMi l t &«r» IMMI 
iMfloe ia t ^ xwlio* of 1*00 * 1*1? ioiA t*0$ * 1«S^ 1 ro«» 
jptotiToSjf vilHi roopoot to tlio o«3nrooj;i«»itias ^MIA of M ^ ioo* 
fiio oxyootoi 99nm9iftmAim trmivmMtf tmtio of tlULo (y^) aoio 
. , , . » ^ . „J ^ u ~ , . , . coa^s. X. » J . - * . 
votoi HI oj^otsiM of Co* oolt (nc« 4*4} t tlioro 1» » otmng 
INttia «t 1400 mT^ «a^ »ic vitli two ROi^ sa iatoiim liwiido •» 
f4S$ & 1430 mT^ ( f ig* 4.4) • m> otvojstff Hood nt 1400 oi*^ 
ia tiko X& o^ootYft of tlio a««U(oraloft Co<» oolt Oliovo a €oio^ 
««rft oliift la fro«aoaor ^isriiit ^^  sNitio of l«03 vitu roopoet 
to 1439 mT^ %oaa of tito lijrAfvtoA Co* oalt sod tiio aodina 
latoBOO toafo at 1439 * 1430 mT^ of tko AoatoratoA oaat luro 
loii«roA la tHo valtoo of 1.01 * 1,03 rootootlvoly vitlt s'oo* 
l^ oot to 1479 mT^ %oai of tlio hgrftivloi Co* oalt* fliwro 
oooaOf iHworor, ao %aai ia tlM 4o«tor«loA 4p«ottaa of Co* 
o*2i oowfoofoaiiat to %hm 1407 ia*^ %MIA of tlw Iqrftroloi 
oolt* Kofoofogt tld.0 %«»i (1407 oa**^ ) oXoo iiioini «a atMoi** 
U3i« 1»Mi %oala OIMOWOA « I 1409 ooi 1419 oa*^  ia tko voo* 
footiiro I t opootfa of ii«* oaA Fo* oolto aXoo I IMV tho owo 
%idwrioav. Tliofoferot tMoo lM«Ao baro %o«i attsllwtoA to 
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1492 «K*\ 1471 Ik f41d «K*^  Writ l4aQ « I44S Mi"^ ^ la «li« 
# ^ M P » iJsMwm^ t^^^mt- ^ t ^ D9^ p«$«A M ^ <^«»<» «iiit f#» 
§^ Ik* 1iiv«t 9li«*ff9t ^iiiii« m t459f t 4 ^ # 1406' mT'^ ^ 
%1m ^mt^i0tmt^ 0#» ftsXt IMSJ tt9 ReotnatiNI for Hui v^ f^inl** 
%i£sl iil I4f@ flsT^ nf tli» Ams^«mi^9& CHo* sftlt as^t MdntiNMPf 
rnvrnw^mHk t# ^ « l of tUMi HIM mT^ hmM nf 1 ^ ^fSstaM^ ^ * 
ssli 1 ^ 1 ^ f^ta %•«!! «s«i^«i «« t l » v j mA9 of tli« l i ^ i<»i 
i0dLli$ th0 tms4M$m ^^ ^mM9 «! I4?f H 14^ m m«7 %« 
it^ iywMilff. fiui StfliAC nf %tm €%mimmm$ 9f vj| «o4« ta 
of tttittacir Aiai«fti4ffii in %imm ••»!.$•« Kcmivi^, tiMi 
«f «a|r a ma#a !»«« aoma^aeilat %. v% a«ia 
la taa ZA i fMt fa af iSa» afti Oai» mata lailattiaa ^buii taa 
V? %«iA la ta* il»» aiat la aa lai iaal i ta 9f « M faai 
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t l» fm^ f i* l i of 101^  ton i t tlM I * M I mtkunmiAm In thXm 
i»a fy«tiiMi^«ii in tlm fvt t t i i t t i i^ ami mmalAmeimg HM 
fMt %i«l tiMi fi* l»Mii»f l«imni til* ttyttttfidAi fv««iitii«iM 
mor noatXnA* tlmt tlui Ml^  i» wttm^g^ B*%»t6t«A la all. %%• 
fkm mmm li«®»*«0 Iranii iffisgdlM • • oHaJU^i fmm tut 
•v«diti1»]yt cwsnitdUtoi^ raii^ liit 4at« (?t£k3Ui 4*14) in ii*« 0»»» 
F**»f Ks» @E^  0:» siiltSt ^re r99p«^lir«2^ 2.8!|S f« ^.f i t !# 
^«9i^ f» S^ *994 I aaft ^»983 £» If mtiF ^ trnforr®^ froi& tM« 
i«tft tli&t S«^e&i fts^mgtli ii^«3J W §tTmM»9t &a tis# Ki* 
tittir fxnii tm. ir«3lua« aX«e ^&fitm th« «%@Y(I «»aeiitid«tt« 
4,9.2 
AiaoiMMiiMi i» «iM we%im (9too«lM0O «i ) «r« tmit* mmflmm 
$mm t« tlM ffVWPlaiwiac af OB* aoA JHI* «l«ittima« aii4« ff«» 
VMMiaA* fl« i»f)rwrt4 •9«i4«R af Hi* •»!%•« iMnMVvr* mrm 
•i inlial sii^liflr Mi few¥« %hi$wf9w ^wm pfwtmfw^ fwv %hm 
MMliUMHUi'lC of tlMMI l i n i j . 
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Oa v»Mlipiaf MOMMil]^ mm 99&'Hi9m of %li* IMOMI | i f»fi l»« 
••••eitt l tf l v i t^ tlw strtttildst wmA— Into 3^«tr«sttilitt lOiftpcA 
iMMtii* anA •s0 l^ ia« tli9m Aii« %« Hl^ I m , tiM »»«tjpuMm%» of 
iiiil.4^ iMcfo 93jf99&3^ I H I M nadOf vo !MVO IMIMI ifbSjo to iL^tn'tl.f^ 
•«•«& %«&&« in oiAb of t ^ IE of«o%«tt of i t * * Co*t i^ »» OSEIA 
Ctt» oalto CT«S»^« 4*4 i 4*ft 4#7 ^ 4*@}« 1Q» tlio iafnopotl 
o^otfUR of Fo«» oolt (Tail»l« 4*4} • tlitro orot lunroror* oigiil 
%«iiA0 « l B t ^ t 5460« K 9 0 , $410, 3?!I0» 3239* f2 |0 A 3139 
«» • In %h» €oiit«r«l«fl infnunNI o^ oots^ sw of <^N» ool'l* two 
vox^ %ro«a hmSL ^fofiato sittifixm f^uft 3d0§»3i00 «ai 2400* 
i i ; ^ IMT* IUETO %ot& o^oorfoi Cfig* 4*4K CM f«ool;H8g thm 
into Xo]rwBlsi«» ife«^oi %imM9 o»A oxoHuiiisif tlitoo tli«t 'mmt 
»M3f99Ay ^on ottflliittod to turn iiH| ioiit «o «x« lo f t v i t l i 
fiif?ttsi Hosio « l 5490, ?450f 3350f 52l©f 3a5©t 5t80 It 3ta$ 
00 $js, t ^ fofHMKP (OH* otivtolil rtniiHi oa^ four l»«iiio «l 
2$70t 290Gt 2440 it t420 mT^ im tiMi lottoy (O!^ * otrotoi^ 
roi^ott of w^or «ioloo«i3oo« 
tm Moh of tlio ottlto maftov iioim»oivm» t]io«« KTO tlupoo 
olooooo of iootnivolimt vmtmt ooloooloo lAA^ hmsf %mm 
Aootnaoloi Itovot fov o«ftirooi«9.oOt o« I j^X , SjOIZ «iil M^Xtt 
im %hm doooooiSiAc Of^or of ^bioir S* %o»4 olvtairlfto* folAo 
4*f4 sivoo oiTOtoUosyiN^IUoolljr fVoiioloA 0*H»«.0 IMMA 
3oo|tlio for dtiffortaft «ano&i«o twltoo eolto, fho too volooo 
ia tlU.0 toklo yofor to too «iffovo«l B* WB4 UtOoBcoo oooo* 
IBS 
mf c|«Mlvi« t» « «ooi m?9mmim^l9M in t i l tlM •«!.%• 
•icOTpt fiV Si« «i^t iii lOA^ H^ I^ w i K^^n MWi t& !»• 
(3657 *. v ^ • 0.8333 (37S« • xj) 
ii^v« ij^ A 1^ ar* tilt ipmitf id ta i «Klii«y»B«tr&e «li^«miif 
tli« INO^* o%MW«i at 34€G & 3450 «»*% 147$ ^ 5430 
aii*^ 34m» & 5456 fl»*\ 5480 H 54^0 m*^ mA 3480 A 3440 
mt^ ixk tlMi rttf«««lv« I t iip«ftvft 0f l«i*i C^« f«*»t K^A^  <!^ 
On* ttilt* olNtr &%mi*9 vlmt%9m %# « gooi A^fH^xixatiMi, 
f ^ M %fiiis Uttv* iHicA MMftifttAd: f«»p««tiv«]|r with tiMi u^ A 
irtftlEtiit B«*1wiii «t9WMt]i» %•««»•• tlu^ Iwssf tk« a«ft«t frw* 
tit«ii«ir iiiiftd twm %hMiJt ooinrMfoaAi&c ft»« «%«%• ¥»lmt(i* 
i lal l«pj#, tlM sMiiiadMttts of v][ is v« soAoo of H^ OSZ tat 
X||OZ novo boom »oio OA tiMi IMMIIO of VHoii* lnovoooioc X*lNnA 
o%yoocllui« « i ^ Hio ooiyooyowitof tooroooo in tltolr fvo* 
tooAtr oldfio from tiMir fooo oldo TOSIROO of 3437 ooi 37$i 
mT* voojwotlTolf. BolAbm Ol.ov*o rolstioa to %m nm fmti.^ 
ollok for tiio oorroot Uoatiflootioii of ofWMtvio ^ o of 
«oi«r oolooiOoOt i t oor ^ ioforvoi ffoo ow oooitnaoolo 
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tlMt t te l 2 0 n i « 9pKmivi9 to ft cooA ft^fXiiElafttloft ift tli« 
Oo«»t f«»« Mtt* meuSi 0»» Ml l f t irtMnr«ft» KjOX i9 ifiiiMil^ft i » 
^M tft-sal.t «»ajr» fii«x«f9y«t «^ Kr sMigaMftt* ^ v '^^ "^^ 
wiA«s of B^OIH ftnA l^OH itt ii3Jt tlui •§!%• io iNif ii9rt tk«il^ 
ef!3r«lftll9grftpiide 4l«lft« g9»«v«r, tli«f« S M I I S to %• M I 
iftOOftolotoaor lA tito ftmS#»e«iil« of tlio U^t %amA» ia tlto 
(So** Hn* oM €ft««iXt«, f l ^ t i s fliool 9f«te%2|r iiMi to tlw 
mooftidfitir im ^ o looatioft of ^m& pooittoMi b& tbo opootim* 
l«ov toKftimtiaro IHJ^PIKPOA •i;>o«tf» s ig l l ^ lioXfftil ixi ooFiljaf 
out tlio »m%%im» 
Sftooa oa tlio oluiioo eiuerloi mr6 % l^osoonlb ilfpftort 
I20S3 osi ^IfiOfitsIb lb Sodoy&ola tZ(ftl o& th» e^ootrm of 
i^ytregon lioMoA solido* i t liss %8«a ^ S « A t ^ t ^lo Oliiflo 
CAV^) of Hio otrot^t&sc frtfaofioioo of vfttor ttoXociiloo oon 
r«mooiMa»2|r IMI eorrolAtofi v i tk t ^ ott i i I i^£l i» X«1««*T {n^) 
dlotaaeoo* flm oors^Jatioft fiis^im IUM 1»e«a «xt3r«po2jito& 
to M^iofjr tiM jgottotooio irtlfttiouofedp )iotir«i«i ^v^ tmd % 
•noil th«t Axy i99i«ftoa«Mi soi« ftO|m|»totle«rMr ft« B^ Iwoosoo 
iAfiaito* foHovtag tlilo yo]bfttio&alii9t vo lu«r» ootift«toA 
0«I«««0^lMoA loftctlMi for BjOZf S^ OXX m& BL^ OZIX for o i l tlto 
Oftlto «Mior iiooitooioii* flm soootsroA Tfttaoo ovo foito olooo 
to mwoo proiiotoi ovrotoHocropbioaUr la o fooA m»rtmt'»' 
»«tloft (TOIiXo 4«ti)« 
flM hmAm 0»0OfT04 «t 9490, 559e> 92fiG» 9250 ft 3180 «i*^ 
lA tiM iftfroroA o f o o t m of tho portioXXjr Aovtoroioi OoHMlt 
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HiifttrmM mtktw tt«ajifmltt«* A mxm %& vfsm tMrrmtpmndmam* tm 
<liHtt«rift«i tmlt In f i d * v«tiim« fINi l»ai»l» €w to imo «aA 
^2^ •j««i«0 &iKV« ^ff» U«ii£llfied itt tlui ar«stoii 2600»?200 
<m*'^  on tlm iMUiio of t lwi r «i^«otoi dovawsM ffof^umoidt* 
1500 mT^) t t ^ %i»d« iMilOiiftiiMi to MB^ ion iMEfo «li»tiiiy IMOA 
ooftoA oat (oto* 4«9*f«6>i tl&ovofovot tlio tmnA o^sexvot &» 
t l i is w^fm i a tbo rotfoetlTo infivroA i^ootVA of iTi^t Oo<»i 
F0*» l a * OQi Cii^ oiato ftt l$§0* I64S» fiOO, tSSO «»« t$09 
4it*^ tioar %• ottxltantod tiftiiftl>i9iiK»itolir to tlio v^ »o<lo of B^ O 
lorXlor otvAioa C28l oorvloi o«t oa tlio IqrAroioA wA 
AoKtovKtoC Mdto mccoot tluMi tlio Nnt9 fov ISO oat V^Q 
•oloottlar 09o*i«* oonroi^oaAittc to tfe* i)} »oi« «r» oliiftoi 
tovovAs tlM 2«««r ff«tiioMr tesrlim tlui amtlo of 1*U * ! » H 
voo9ootiToljr with voi^oot to tlwt of tlM i^irtfMloi mp«eio«« 
Oa t l i o lNioio» tlM boai ot 1940 «i*^ la tlio ioatoiwtoi iaAm^ 
wi, i^oottwi of Oo«^ oolt ham tm§m oooooIatoA viti i t l o um 
i^ooioo« fiM fvofooaigr of tlUUi IMOKA Iworo a ratio of '^ 1.07 
vit l i ipoopoot to tlwit Of tlM oorrooyoaAiag lioai at 144f M I 
i a tlio HyiMtoi Co^aalt. ftio o»»ooto4 vj aoto of-ii|» 
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f^ • iq^sttt 1^ «•#• tit 1L|0 9999i^— i n tiMi iiianiftUar * •«§• * 
m i t i (NKMat ! • 9 f«MMf auorlGtA t f tlMi l i lO « i UmA vlULidi 
Bi# ttlxiim iB ««it« l&k»3jr 1»t««aM tl^v t^irmmtwf of %otii t1i» 
l€0$ fl»*^ ^IKMI «f 0«»ma.t Cfif* 4*9) 1 ^ ^ ! • i&Mfp o«K9«rft» 
iTAlftiit vftt«v fB9l«etti«at «• migr #aiim«t thsfm hmAm «orrts«» 
^£ijfti&i to %h» 1^ 1 iio6« i a «i^^ of thB m i t * 1^^ a|»f«sr«ao» 
of ft aiitiX* iMiai i n o s ^ OMO itlosig iritli i t s VOUIB i i i t«i idty 
laay ^ o i f IsixtoA Ant to tHo «Ball otumgo in iih§ i ipolo 
m(Mi«»t ftMNioiiittA ifit& tlM INmdiai fROtion of ^ o oix mitor 
ti»a.««taoo idiidi mro oooi^IiuitoA ootolwdtwllsr « l t^ tlit motoX 
iitoii (H*^ ) fotmliMI tli.om1tir « oonplos CK«(E|^)gJ^, fUm 
polat of vlov htm }m§m owpfortoA ifitli t M atfoiunuioo of «A 
o<l4itieii«3» otvoac Wnl oo««oopoMiiic to tlM v j "^^ ^ ' ^ ^ 
«iioooviimiKl«i f X l t lM^^ «otor aoloonlo i » tlM ootvooyoaiiof 
iMftn/yonttti^lVtridoi salt* (GlMiftoy IZX). Xa tlut HKIKI of 
fttoTO AioottooiOKt itttoaoo \maM. At I i09 «» MM. tlui Xft «900>» 
iohm of Ott»oolt iiigr to Aoo to voXotlvo nook ooovtlaotloa of 
vmto^ Moloemloo && thm eoti^hoAvnl oo»9 i^«s CooCJIj&^ l^ § 
roooltiim tkovotf ooi^ poFfttivoaar otvottcor toiii l a tliio oolt* 
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Cit^  Mate* mi imf «%«trr«t Yv^^ccrtiTtly • siafXt htrnA ai 
fi»* i^ov ft ttsrfetd nfvasrft «Mft f^ nm til* ««•«« 0Oiiidi«vfta« 
tl&t •stiP^ll.i^M fsst tliat t l» H»li02iitsif ia<nr«aii#« tlui Innsi* 
oiQrita «90vaia«lJioii av« of «ai|iiindil« titmiaitlui ia tli« il^y 
F««» ima ^ » 9ftlt« v^ihKM l»%Oiiii£tf ^ i^mismta* crvwr ectal.* 
mm em6im^»mtB af tin* iNuiSii to tlui »p««t3« af tli«Mi 
kmmMmmminwmatM ITfl haA awtjaoJ tlioiio %«iift« «• ov»rtoii«« 
A . 
III'CKJO}^ } i» l i s AwitMi «i«if» viuiiHiMi o«i9%«ix ftt Hi 
Uoe} Iwi tdtHlMitti thM to tlM Ulroioyy «9Aoo of imiov 
ooloooloo. la Iko imttuvA of^ ootnt of tlMoa oolto* tlio 
tmaio o^atfToi i» %hM pyootat &ttvo«tic«tio« I A t ^ roflo* 
900*400 «i 01*0 of oi^ yrooii^ Xo tatoooitioo oaA timi oooaot 
%0 O0OifB04 to tlM K«Xtt^0O«ft fVOOOOOOO* AO tllO E^Q O02O« 
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ir»fy Xov* tliit «««]i iAttit«lti«« of ttmm teals ta t l i* E«mni 
i!p««tvm »&iiit lunr* pfw#t«ft A&mt{i«ii«v«faii«a C ^ to «»iiiii 
•pootnm of JKiS9^ *€Ej^ 0» 99gmP mi& SflliMkelc CI45I| <l«sile «t «1 
C1971 saA #idft 11891 iuem Midgaoft t ^ iNuiAs trnXUag in tlio 
ngioa 3^0«40O «• to t&o liHimtoiT &toA«» of B^ O BOXootOoo* 
Sinoo tlko oi^ oetyft of ^o milto toMlor diooamioa r^tmwlblm 
rmtf oii!^ vit^ tiktir ipamxt M««niiiRit Kotia sitli>lt«t«» K**SQ^ * 
882^ ^ C *^ ** ^^ t^ Oii}t «o «3fO J^gtifioAp tltoMfort to aaslgft 
tliooo l»«ii£o to t ^ Sl^rtttofar nodoo of E^ O noloonloo, 31iii» 
l«r stiittoo oaxTloA out {190*1921 on AifftsweEt of^ slmX lsift«» 
mioo iui v t l l at e^t lqratf«li^ attlpbetoo £llt1$€l iiXoo oorxti* 
tervto our viov point* 
Tailoao no^MAo lurro li«o& AloonoMii in dM^or X luii 
ZXX for tlM yfoyMP idoaiifiootiott of Xitnioiy noAoo of 
votor BOlooKioo. Ho«ovor« i t io oloor frwo tlio illoottooioft 
t tet ao oioflo oritorioa iuui lwo» viAoljr ooooytoA* Vo k«rot 
hamwwWf foUovoA tHo ifttmoity ovitovioa of If iyosami (04} 
fVOlAoc aoAoo* TwioliBf soAoo* teiof ZR fOvMLdtfo»t viXX 
oitlMr 1M o^ooal or wiiX i^yoor ia tfeo iafroroA oyootra vita 
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«oXt«ia#s mf piMVsUly iii*9l«iii« lifAyoiiii IwmAti imA f»v 
• M ^ t3rf« of bttiiiai* tlM vtttlEittt M A « « v i U tt^fp^mt «l 
oliMfwa ia t ^ ]f«ci(«i 90O400 OR*^  to thm Mektaokft wiggl»c 
«ai t«i«ti]i|; libxwlevjr »•<•• «f ifiKl«i^  iml«oiil««« H«X9 iMui 
immmmm of H%ro%iott«X «oAo frofiioiioioo of W9$t^r noJUioaloo* 
Aeoordisk«2y» oiaoo U^OIg H^IX oat l^ OXZZ tunro iMioa lanrificoA 
in t&o fiooroaoliii ovtfor of ^wi» H*!M»ai o%i*«ni|llui« %lsm roo« 
^otivo t^ saSfi ano to lilmitofy sotioiio will, f a i l i& Sooroaa* 
ias oft^p of tlii fxotttiaoioa VI3*74U 
fim oi^ cotxwX foatm^a dao to lilmitimik aotioa of wstor 
aoXaottJloa ia tko 9O0MOQ «B*^ ra«ioa of taa iafvorot opootva 
of i i * f eo» A fo-* oaXta look wtf aiailaap aaovoaa taoao of 
tlMoo Of otkor aalta (ri«* 4»9)« la tko iafswroA ai^otva of 
l i * * 00* A ro-» oaita» tlM o^otrroi Hado aro gvoapoi lata 
tao tfialiaat %aai yfof&loa (ooatoava)* fHa olaooaooo of 
a»1ioai al^affiaa of M^Ot * X^^n aolooaloa (taaia 4*1 i ) 
aXoac vitli a ooaaavmtiva vaakar 8»boa4iac fOr Bj^ OXXX aolo* 
oaloa iMffo Ui. ao to aaaiga tao Umi9 faUia< ia tao flrot 
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mtsfml»9% to tim li%7ftt«fT a9d«s of 1201 A BjOXX aolAoaltt* 
tHot* of H^ OSZX a»l«eiii«i» 
ZA ti lt r««i>tellir« I t d^totsm of Ai»t <!^ * ^ N^»* ofilt» 
( f i t . 4.3)» tlio %«&«« o^twrrtfi at 7i0 t 73$ ai**^» 740 * TtO 
OK mtA 790 ^ 720 on ox« otmut tyleo ao strong ao t^o 
%ms^9 at a 0 n @a$ oai*^ S a ^ 4 @oo OR*^ snl §25 a^  eoo mT^ 
iPOOfoetlYtlar* FoiloviAi; i^iy»s«iro*o C64I lutmiolty oi*!-
toxloai ttoo fomtjp p9ir of l»sia^ « aoooGiiittA i i l t^ tlio Ugpt 
9t M^Qtt soloofOoo roonttotifoS^ hmtt thtroforot \mmi attil«» 
Initofi to ti lt i ra^iaf asodos wk*r9tm thn Xatttr onos to tltt 
mTV9»potiiSi§Mg Tooldog ®o^oo Sa oodi of tb« «itl.ts« fho two 
irof7 vtilc 1iti»io olNits^roi i a ^ t oioio wxtvlo^o ii& ««i^ of 
« » k i . . C . «X F . . » l « . «t 719 & m m'\ <90 * MO . * ' 
jffitd 695 i: < ^ 00 tofo %ot» aaoisaoS imtnliigmooolsr to tlio 
tviotliOf «oAoo of SjOX 1^  M20tt t*tosNieti<ro2^« Xm thm oooonl 
%«ii4 fYofilo (ooatoor) of tlit rto^ootivo ositotm o^ooi-voi 
i n tliooo oolto, tlupoo hma&m «t $70i 590 « 49T «»"*^, 570» 
550 * 900 00*^ toi 579« 990 * 910 oo**^  (Io«via« tHo %miAu 
AIM to tlM 80^ loo> liovo feoott o^oorrtA* Oot of tkooo tluroo 
iNutAo iA ooili ooot» t te fonMi* tvo t r t olaoot of otooX oot 
B040VOtO tBtOMtltiO0» WllOfOOO t l M lOOt OOO I t WTf VOOlt* 
B«oo4 oo t ^ v o l ! totolilltkod foot tlwt for ia^yXooo M» 
iMttAoA vottr ooXoeoloOv tlM rooktof ooAoo tfhoolS f o i l to* 
wmNm tiM hl0^lmr frot«oo«|r oldo of tho Ofootra tluoi tlw 
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1i«ta AttrilNittA to tiw vti«kSjii »o4i« of E^OIZl viu»*wMi tlM 
^miAp ff&ioii tfiditM o t l M i ^ M luvr* ttppmwmi. wiMk lavr iatMi» 
• i t y thmk thmt of %li« irMgliic nod* ««y %• tsvSjl&ttd i n * tft 
ittt oldiid pyoidUiity vitb ttm v^ ttoA« of ^|** ion itliiol» is 
Tim t»fsiK9«d spvetraX f««ti»r«tt of Kii» titlt i » t l i* lilN<^  
f%toi7 a^o fr«<im9a«y i?«iioii of H^ O moXttmloo io qi^to ^ i ^ 
ti&6% f£^ !m t&oiso of otlt««e (Fif* 4*3) • I& t M 9 »«a.tf t ^ 
Umis o^mrvoft ot ^ G 0t 030 caT^ «ro of »«Aimi l j i t«ioitl«o 
ttM «yr« noi l st far«l i^ ftm titlmr %m09» Snoli ^ftttom t&w 
%h» eoriroa^oiifl&ag lifioao ham not tNim^ obooxrcd in ^«t tn 
•p««tyft df Qtlior ooXto mt^&w 9r»««nl 6ioeiiiitioa« fisoM 
iMuiAo lunro itwim oftriln&tcd ifoo^oetiTtljr to tlui yo«tc|jEis imi 
wsgi^ tiiE »^oo of H^ OX* A Y017 wiolc IMH»6 oli««rr*$ at 770 
Oi"'^  im tlw opootvuv of tliio oiilt IMO li««ft oooicfioA to tlio 
t«ri«tiag Btoio df tMo aielitoalo» flit otiMir ^iNiia* fiOliag 
lA tiiio ap«fio& Cl-o«rla« ooiAo %im tet&ia <«• Ki 80|**> «ani 
iooottt at 7l^ 9» 6»0i $30» 540» $00 ft 4i7 ^ *^ m& hwPf %••» 
• t t r ik« ta i to tlia veakftoct * *8 f i *c <H^ tvioliiBf IHHrotloiia 
of BjOZX A a||OXtZ MOloottloll (faiXo 4*7) • flMf iMKro Iwaa 
oloaoiflad ao tlia iHiaia of tha arltoi^o Alaoooaai aarl iar. 
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2% is to iNi a»tii4l tlUKi tut 1M«A« •«)rr«c»oaAiaff t» ^kt %&•><•• 
typM of «ft%«r »«l.«ttt]ji« f«fii %lnr«« <iai||a«t IkauiA 9r»3H,x»» 
C«»At«av«}* Ftirt^fiiorvy tlui ftmle iAtojwitjp of ^Mi iMHii «t 
540 «ii'*'^ « murmr^ th§ fonntr IWBA i » m&tih ite«yiMir (FV^Z «« 
?0 mTh tHaa tlui Inttor (FiHlI «* $0 «i**^)« Aeeox^iiMilir tlio 
iatogxwlod 4ttti»i&ty« iM«& i e tfiw ppoditot of pialc lAtMiftlty 
md fwanit t i l er««ttr for $40 mT^ %miA Ct*z i lK <^ ftitt £8$ J 
Mo sloo ^9ii» tuat tbo ittf«grm%#a ln%«a«it|r in & »oro 
iroIi«.1»lo pmemmtwiw thm^ tlw poi^ totoaeity f^r tl&o ptoptr 
olnasifioatiof^ of jmoli b«i^s« fh% m^rtt^tttm l a !i|}#elml 
fft@$mr«« of tlio Haaio ooi^rospon^iiig to tMiw Moratory aodto 
t&9 &2^^» HgOZI fmft H^OZIX » i ^ %• oxpltd&ofl duo to diffofotti 
H«>%o&iiag oooooifttoi vlt l i tlioim wator iioloeaIo9* 
fh% iafrvroA opootnai of t&o €«• o i l t i i i tbo 900*400 
OK rotioii io tut to %vooi * oosflox ( f ig * 4*9) ouii tim 
te^o MNiooi»toA vlt l i tbo H%roiei3r aotioft of tflfforoat 
tr9«« of imtoir noloo«aoo haew got alicoA 119 «lt l i o « ^ ottkor, 
Bo««vor» oa porfomiof tho oontowr oaoljrolo of tbio IMUIA 
pVOfilOf iMOOi on liOFiBtOiOA littO OiUtpOOv ttlOVO iO Oft i o A l * 
ootloA of tlM jpi^ ooxkoo of iNNftio ot 890* t40« 7fO« 180» 699« 
SiO « 919 mT^ (Xocriim tiM IHMAO aao to 80^*>* fliooo IMMBIO 
ootttoUy oro gifom^wA lato two ooyoroto ootrolo^oo, fho tkroo 
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«iMi«»I# iHi fttt«itattt« td tli« fo«lElat, mmn^ng •»§ twlfrliiif 
HlnMifofar »«##» of B^OIII* fhtm wmf%$mmi% i « !»Mi»i dik ^i# 
fiKot that tlM ligOXn itol«eial« i t sMMieifttvd vitu %h9 nmwk^ 
••ft K">%oiai stf«sftii iiai liftBo* t!i« lifmft* fimiM Ui* oa th« 
Xow»0t md Qt tim 8p«eifi«a fir«%it«]iey nrng*. ;&• s*9K«l&lac 
Mitfl* of t M « •s i t 4i«t» to tiio Mtontoiy @oS#» li^ iro b^tn 
•@80dLftt«& «i%1^ tli9 EgOI sM H^OXI ssol«eul9» |ffi%3.« 4*0) • 
4«9,?«4 f t ^ l f i ^ t ^ {,l<«|)ggf<^4}2Afibt 
fk» pwettnM^ €«at«ratt6 i&f2fir«i •peotspom of Co* oftlt 
(Fig* 4*4) J^ %lii« vtflott i » Q9it« compiiostefl €«• to isixiitg 
ovorimppinf of t&9 roe3l;Sjitft vsgglug and tirifttiag 3i.%7m« 
tofgr iiodt« of igO« mo SUA H^O •pooi««* l a •Edition* «•«• 
hsoAw 0^vm to gO^ ioa oiiA ot^i> poloeiiajsr flpoeio* iilo» fft3JL 
ia tlw • « • • irtgicm Cf«^l« 4*9} • foaJMiwi^ ^ » oonvMiitioii 
thftt tlMi fOOlKi»c H vaitfifif no«»« of KIIO •p«9l«« in %h9 9Wf» 
tiollar 4Mit«r«tt4 ••Xt abov %hm iomnriorft fv«t««aey ali^fta 
lA tlM f%tio of l«21 * 1*09 r*«9«otiT«lar vitu r«o^ot to tfe* 
oorsvofonAiAf aoioo iA tlM Hfirstot mXt (Oui^t^v I f • • « • 
1«14«3)f Hi* ooofttt»4 Yookiac «•«• fr»ttt«fi«i«» of 1!>0 o^** 
•i»o ia tli« 4«iit«r«t«4 Oo»»oit for H^OX, Ujptt ft fij^HZ 
•oioool** U « W i , «4I A 471 «i*^ roo9««tiT»l|r« fh$ 
••rf««poii4iog «Mif«t^4 mm^giag mtAw fro«tt«ftoi«ft mem r«#» 
900tiT0lx ^ 9 t €10 wMl 904 tm • flMtm wmXtmm U«99 Won 
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of a^ ^Zt B^ OXZ * fij^IXS in tlM HydviKlaA e»»inilt (f«1il« 4*$)* 
B«a«6 Oft tit* eid.eal.«%«& ir»2it««y th* hmA& o%nmrt9i mt €©0 t 
480 mT^ itt t]M d«tit«xii««i ei>*8«lt li9T« )»9«fi wicei^ «%«A vltti 
m9 UH/MH ma uhn/MHu of EI^ O «p«el««. tlm rtttudning 
%aad» of tMo ro^loa &a t]ii« s^t hmm 9tth9T %m& ftttri* 
imtoi to tito MUrstoxy »odo« of B^Q spoeios OJ^  duo to %h» 
sioaoo of otli«7 ffoioottSjoP mpm%%» Cf«^ X* 4*9). 
^•^•^ Xtttowifti wjflao yf tfaf ooaolox 
«sit€2Uiiiro ett^ tfij of MetaX«rti^ «o oofspIoKoo 2.SJEe th^iB^ti}^l 
lBiy moutroA lc«lAOtl® soettorluif • 1^o3rotio@X cfiiouliittoiui 
C2?»f8S,l9f#<?tf**^t5l Iwro eii»o %««a ©asrti^ oat to cictoTSRiao 
t ^ foroo o«mirtiisito ma iatimi^X »oif> £r«t^«iifri«tt of tliooo 
oo»pl4ix«o* Buekm $t Bmntor Cf $11 imwm wfipaoaptft tho ao«4fi«« 
eo&t^ ra^  foreo fislA xotltMf noiac <^^ two iiidoiwadomt foreo 
ooaotttito* HOfttli ft Miiii«Xt CS14I hwro mooA orMtal Tiiasnoo 
foreo fioXd a^tliod i ^ l o Plotorioao t?1Sl iunro tnkoii ro* 
oottTM to tlui iliwm*o F.a. antirlx sotiiot. AAiat&oaoriifitiiMii 
A Banti C2151 ooinotf tlioir ovm notot&oft for tbo nix iatoraaX 
aoAos of t ^ ooft^los* t^oir v^ §t J^ sodoo OOIAOUO with 
tlioiMi of U9wtt%9rg (26i« fito aototiOAO oooi 1^ tSios for 
otlior »oios oorroo9oa4i to thooo of HorolMSif {2$ ^ oo giYOft 
OOXOWf 
180 
lltf^t t i lt fix>«l iio%Mlti(»£is {i79 d-sMi ta la]iathittft3>i^ iiXM«i ^> 
T.m%l t2%3l vh^w^m ttm m^ai^ otmrn ^if '^ U9 to H«3^lNirg 
C?83. tn ttm prMwmit «i«<ras»l3a* the irl^tly aece.otis* aotit-
tioiMi of H«f»l»rf K«iv# bte» "aawiA* Um1»r t^e ftirftut oeta* 
1I9SFO» flgnsnAtty of tlio mmpXtx^ i>f # i^ f ^ ^^ ^ »M«« ism f^ sitMi 
ooviiro % l^iti'«ft8 ^1 ^ ^4 "^^ot* ^^« imff'cirtt ftOtlTO, Tim o^ l 
moSo ii9 l a ai^  uroll rji l;i«^ tta fQr^id^tii* 2vi.% %hM co ]^^ i.ox 
Hl^ CH^^Jj^ jl ooea^les C|^  ir^te ia &Xk %IM sisite tmrttr «51»* 
JURSfttlueiftriiiyiuum t&tJ 2m«( ooft|i)it«ii th« vibrtfctioB«l 
froouoiioi«« of tki» ooK^lox tli**C%0)|>i t K* > i^i* eoi Hg ••* 
for Mrrox^ tultoii milto «6oiP^iiif tlio %ro«t»wft% of ^ekoa 
A iimtor t%€iU 7II000 sfadioo on j^^ oot %)i«% thm him&m 
oliooxToi i » tho r(»giQii 401^200 OK «f^ ««• to tlio istoiniflul 
aoioo of t i l * ttt»oi«OQsi9lox« Hlo oaXeiOotoli TllirAtiociol fro« 
^noaoioo for i^* moA vt »o4o« in tlio £l*o«lt nr« 5^9 * 199 
Oi**^  roopootlToljp idM.l« tlio oino for 0o*o«lto oro 389 * 91 
OB tS7l« BOVOVtr, OlAOO a^f BOtfO iO AOMUEl OOtiYO M l i ^ | 
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i « l i i fr«r«i a«tiT* ( M « « U l i ) » th»%T Mi«igMMn%« Ao luit 
4»$)f « • lifKV* oliMWvi a l»iiaA of sAAasuta i&t«nt«itj »t 405» 
3f?» 5^» 5t5. 385 A 315 ««** ia tfca y«tfa«ttv« X l , I f , M, 
i^ljurisfttioa* nilmnttm in tl^at at C9*tr«3.t C f^iff* 4*7} at 40Q» 
3i7» 410* 414 & 387 mT^ in t!it 0 « I f • U, &X ( a l l iMiXoog 
jiaetliraly* th»m hmMB miff9pmA to tiia i>| Koaa of t te 
Odfs i^ax. S£i th« r«irpaetlira f f t .^ .^  ^  «^ «^ i»olJtns»tlcma of Co«* 
« a t t im aSditio&iil. bstii t t 405» 3 ^ ^ 313 <w ii^» kovcvtr 
!>•«» o1 i^i«ivot« 1%is %«Eii eimi^ tit %• fsnaooiatttil v l th t&» D^ 
nodia tliitot ®oo@f<ft|j3|e to th« faetor g^'-^p aaa3L3r«la» Oiiljr ^a* 
a^ftA ofMi iNi a t t n ^ t a i to aaOk of tlia Ag«» aoi B^«y»»atna« 
ClaliXa 4*3)* Tliia l»fu»dl liaa hmm »aalgB«d aa {v | ^ a>|} aoa» 
HinattoA nod a in tlia pwmmt aaaljrala. £a tlM iitt]poli»ri«a< 
Easaa (7 ig. 4*d) apaotvm of (}tt»aaXt« tlui x>| »e4o hfta 
a#foara4 at '^ 400 as*^ vi tu ao«orato lataftaity« T IM I4« i t i» 
fiaotloii of tha lMni4a (fOkXaa 4*4 to 4«0) koloagiii^ to tlMi 
tM aotJiYO a)| A x j aoAoa of tk9 aiotal»at«a ooityUa !iava mi* 
MiMLfHOttaljp iMaa aaAo oa tlw ^aaia of tHolr iatoaalt io*. 
4«5*4.t l>g t i y|ii Mtfft 
Hovoiror, thoro ai^ aoaa «iM|i i i t loo ia tHo aaaifMioata 
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of iMytiAa ant t« i:^  A a>| «•#••« imamthmimngrmmm t27J luiv* 
l4t«&tifi«A v^ «t « fra%iijtxi«gr Ms^r thtm tuat of 'vj irtMV»«« 
Mtmm A E»mi CI^J lunrt t^Hawti t£ui apptitltt eottTMt* TiMiat 
itiitlidm Itmrv «ii^9rti$ flwir $»%» %f ihtXr om tli«i»r»tl«al. 
efil«iilati<mt«, Ummmr^ i t l« « VAII ka^wn. f&«% tfcti tli« 
iMS »oS«») iiioaii aif««r nt frtt^tuel** hightr tuts tlioa* of 
tov0p matt l i t in t&« M#«r fx«tu«xt«^ riiii$«» 
ittJi artiaa Hssam fyaqxswassitit of 2H cm m^ 204 i ^5? «•* 
9^mm1twft to thB o^ B9i« of i i - aed C«M» mskXtm r«0p«eilT«ljr, 
In til* wipoifurift^ tf &«a«si «p«etFt« af Cii»ai«iit« this iio4« &MI 
•sip»«r««l at ^ 0 CB*^  vitli s«i«rftt9 iatm&vity. Sad«4 «a tlM 
r«i«tiotti>| •• 2/^ (x>| » v|} (27 J for tHo ootohodroa. oosflox 
WBA ftoowilae oor oool^siioAto for tfew 'i>^ 9t v^ MMIOO to h% 
oorvoott %h» lionio oorroo»oa<ilng to ^ * i^ f »«<o oro osyootoi 
to fttU ia %hm rm§» 290*t50 mT^ U tHo Xi* ^ Oo* oolto* 
Aoooriii^ljrt tlto %io#« olioorroi «t 229 «i*S 249 oo • 290 
* 3m • • • \ 294 * 210 •B*^ 291 * 220 oa*^  mA 24$ «i*^ 
rooiNiotiToly io tko XX, Tf, Si» 2X, XS (oi l tolooc to kg* 
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%hm aip««tyA of Cl»««ftlt l a tlui warr^tifmAiAg ^lMti»«tXo»9 
imtm hm& tHaamm %M fwMM 4.11 • In tli« WA^lmHM^i HI^MI 
4«5) • ''*h@f«fuy#t J't W0y ac^ i»e&r vtth ^mf$ \m$ik i&l©aiiit|r 
I t sarootti f54 aoi t4t « i foi» tb» rifirpsetlif* i U * at*d Co* 
fM maptrlml mtrnttmix »>| « ^ « eoimAetliii^ tiMi v | aaia 
I »od» frtt%it«iiei*« of tli9 <B«i|il.»« tli^'CHgO)^!^^ , sxNftaiet* 
tb« •wtiMitsd frmq^minajf for %hm z)| mo4« to %• iu tlbt x*aiictt 
170*1 SO « i • ¥• &RV« not tli«#B 11I1I9 to i i f tat i fy ftaar v«ak 
IMMMI Itt tills rcng* ^ i # t 9»iA& ix»flalKLgaouslf INI @i(i»o«iiit«A 
iAf fts slMmXdsr in tlis iafr«r«4 si^ wetniBi of i i i*oaltt ^^ ^ 
sttrit«t«4 to tlM 2>| ao4o ( f ^ l o 4*4}* l a tbo otiior x>«s«im* 
lag aoltOf tlio hma oorro^^oa4ia« to IMo no4o l&ao aool piv* 
iMdily boon «««fet4 t f tlw ostoyaol Xottioo soAoo (Xlbrototy/ 
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2m 
sHia«e of I B * e9M|r2»Xt tlt« biiMa of i^pr«elft%3.fi l i i t«a«lt l i i» 
«9ptJWP Qiiltt e l a t t *«f tiMi uS liaii^s «% 4?3 l^  3^5 » i 344 
* 35fi mT^ mA 342 « * ^ to %&« r#«a«etliwi iufrat'od ai>©cti* 
0 f 00* , ? • • «.n0 F B » »iiltl i if If,' 4 . 5 ) . ?%«»• M a t e QOttZi 
jidt li« Utt* t 0 t i l * pT9m&em of %w«i i^s{|uiir«tmt aotsliff^roii 
is«tmi*®ini0 #»stJUix, »ia«f» eaeh p,3i!«ti*al f«»turi»« Iu«r» not 
litttt alriwinriit ftsr thm athsrr o9*f«» of ttie eas»pl«3r i n th«e« 
ii«3.ti(# a # ajost plaii i i feit iiitflftisf^tl*?u f a r tM@ a;i5i>^ratie» 
®f tli©ff» t^«M» etJuM !>• «u«s t& t!s« lt«li»««0*ii«»B«».a %yma«» 
l a th« IftfrftYvA »p«etnaB of tii# p a r t i a l l y a«ttt«ratM 
Co-»Matff «« lunw 9teMiv*4 four w«ftk: %m&im »t 4?0i 400» 3 ^ 
A 320 «i*^ la %lw rmgLm 400*200 nT^ • f H * ftmlipsa«!it» at 
th»m hmoAm hmm 'b%mk a*4« to ?iibl« 4.9 on ocMi^itrifig i t s 
•|i««tmai v i tb tbftt of ttio l9gr€r«toA Co* M a t i n thm mm 
rofftcM. 
4.$*9 i f f fyn^if Iff n»«'«»^nff 
ttt tiio roglon Wlov ?00 « i * « « • h«ir« obsonroA • • r y 
•iMi*9 * «»11 vooolToi bfiaAo in tiio ifttmroA mtfi a«ffi«A 
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•p««trft of mil tilt M l t « uftStF ij&v««tlg«ti€>a. ftm •f««tnfli 
in tlti» r«iiioii tm •xp««t«4 ta lit t n i t t f lab la tlit mwm 
t lttt i t ecmt«l»t tmk^B Iwlo^lait to tUt traiiolftt^rjr A iUli* 
OTittifT aasttotto ©f tito m^t f o j * if |ti»(Sj#>g3^^ mA 9^m 
a»« ta titt Umi^aA !»irl%liic iril»riitidao t?1?l. tJ]»!tr %hm 
,>trr«et tttrtlkt^roxi if^) i^nattfy of m^ & so|* lens m& 
t i l t oets^t&yom (D|^ ) iqrasi«tX7 of D«*'(H^O)gi^^ oo«9]>«x in %hm 
csy»tal» TOtSor ^ itoisfwitmt th t i r yot«t<>iey 5a«i«l«« IUP* faie^ 
M^6ea iu -mBsm. sm irtlX sts i» iufrtit^ t?m1»Xt« U? l? U3 ) * 
Bttt m^o ta icm^iiuif of tl it u l t t »y".«wt5i?ifro t>f ti.«w» tiait^t 
!.©• C?^  fop*iEj H t^o|* io^o m& 0J, f^r tH»CH^O)gl^* , tfet 
ratstioiio tif tl&o ^mplox liairo ^eamo @ctiv# ^i»l^ tia tlio 
:f«88^ Mi 0^tetra w&^ r^^ t® tfe^ot of soj* @s6i Mi* tQim i a tho 
..Miiua mi£L IE 0.^ *^etrii simoXtsititoaolf* 
For tilt idtatlf lott lott of tilt il%:*atoi^ ^ tirsiao}.«toxy 
laodtt of d i f f t r tnt unitOf «o Utif ttOoA tlm olttpljt er i t t r loa 
tliot tilt trottOjUitosY ftodtt vf ftTougly mtto d090i»fi«Bt 
"sAiilt tiM rototorjr aodto» on tlit oontrsiry« art l««t At];>Mi* 
^tat 9v olsoot Ittdt^toAtnt of soot 12\%U ?lit traaoXotovy 
^lAoo mf gOBovttlXy vtok io tiit iaooa opootvo tali otro&f I A 
tiM iofroaroi optotim vi i i l t tiio lilrotorjr moAoOf eo tlto 
OtlMV lUOi t OVO OOHfOrotiTOlir OtfOOtfOlf i n t iM ROMOQ tOfl VtOll 
iA lAfroroAf !>s«Ti«oA tlMar ( I lMwtory * troaoiotoiy ooAt*) 
oro oou-to la %9%k IK MI« aoaaa (^Hiotni. mm trtnoiotoiy 
18S 
aoft«« niiifft nm »etlv* l a Imth thm sjicetrs w i l l IHI 9liMirv«A 
rtd) an eo«i>«r«i to their Ultrw^^rf «roimt«i^«rt«* 
?it« «0@flttx in « li»8(vy taMii«it9l«ett3.ti i t s tnuaslatox^ 
at well a« XilFKtdsry mult** »r« Xiktljr t{i fstll ^ l ^ a i th» 
%)«et7ml nus^t «% oar dit^saX ttuA t»L»raf9t>« tht f h)KV« not 
J«; 
« « tjraoslatory sMSdus of jH^ k UO *^ itiiis irottU Ha af 4jat»* 
r«i{f ta UB iM %M prmBmi.% iiaeassioiift 
t a j^ gis»d«« of 4»HJ tj SO *^ ioi:8f w® 8iQt» tii^t t!i« tyismlttoiy 
Ct^) m i liti'PittsTf Cl*) ss9^ «®- o? t]fe« SHJ i « i e w T9m9mkmhly 
iiig dn** ( t * & X*) 9f SO *^ iiH&t »liiett tH« «£»«» m0 BOasvat 
9f izidvlitt ratio foriifl^ wiA Bo|* iO]i« S7« l i | * 5 BOA ff3*0 
r»«ii#«ti^«2jr« On t i l * iMUiis 9f %^ « |>r«vi<i«c attiiAiiMi a«a« 
Oft (^84)2^4 t2f7t8$] ««d »tli»r wats C218«:?23J Matfti&ia« 
MH^ imk — 9m» 9f tb«ir 9»3jrt^t(wi« e»a«tit«®otet i t i « 
6l««r t l « t tlMt tr«Ml«tofy «««•• <if tlM ^ 4 i«a f « l l %& t te 
rtfiofe arotasiA 20(K1$0 M • Xt ia aXai» to \9 aotoA that 
BaMA aativo v | A i | MAoa of tHo ooapios Dl'CljO)^!'^ f a U 
tai to eloao (ooo. 4*9.42) to thia fro^aoMf raaeo mtA thoro* 
%y tlifl^ aay intoraot aa« 0TorXa» vith tlui traaalatoiy aedoa 
of I I 4 ioa* Oft tlio o t ^ r kaaA, la tho iftfraroi apootfwi* 
18? 
tlMi iafinuMi ft«tiT» liik vi ao iM of tlHi tOKiilMi f a l l (|iilt« 
I K J left* fli«««jr9f«f th« iAfnuPtA •]^««tm of tii« •ftlta vmAmt 
ilwmsoioa lurv «98i9«ir«>lifiiljr »«}r» rmmtdimg t Mlpl^X tiuui 
tlM ^mum oiNHitim tor th« ffoiMir miniiipao^tii of tiM ^And« 
, . m ^ I. th. «,t«» 2co-,» • - ' . m «»«rt,, ««*.. 
Of IIB]| ioA foU ia ttto 5$0»^90 mT rogion in moot of %h» 
fittoAoft lunro IHIOOBO infrort t so w t ^ mt .insi^ i^  ttotlvo iun to 
tht lowofiisg of tho iqni«ot«!|r of «J^ t ion t?ii%lo 4«5}» tiiof 
idIX #itltoip ^ K^ooiit or vi lX nff-^etiT iritfo vor^ ««<&l£ Siitonf* 
sdtioo* 
I I I ttMi iiifiroi!»oi opootvo ( f i g . 4«S) of lti«>» 00*9 Fo«»9 
Ii6« fti^ en* oalto* wo JUivo oHooiYoA vorjr vook %aiadi urowii 
542 * 5t4 mT^i 550, 53W * 3fO o**S 5 t i OB*S 324 * 50i 
OR"^ fla 999« 32$ it 302 OM*^  vooyoolivolar, Xa tHo ftonoa 
O^ootvo, tiM oonro^ooHUiC ^mAm aro oioo irook oai bovo 
i^ooroi vitii iMMB fro«MHioio« of 94c A 92f OB* ia tiM 4 ^ 
ifWMtfgr Mtf 990 * 919 mT^ iA nm W^*usmm9tWf of i i i * ooitt 
970* 990 * 908 mT^ waH 949 «i*^ itt ttm vo^oottiro «rwM«» 
floo of 0o*ooi« mA orooaA 517 OM*^ i a tlio onpoionooi Eosoa 
opootviMi of Cocoon* thovofovo» thooo %9mAm Umm %ooa 
«ltvi%ttto< to thm l itoototy »o4oo of MS^  io«. ftm f^oooiooo 
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%9& WiAB9iso9» hia&^rwlk ratiitldA In n i l tlMi Miits* 
fto «lf^:iff %mMm ma^vwS «% ttO« I f 2 ^ 17? wT^ $ SS t^ 
t15f 180 * 167 «»*% ?50, 1<I0 ft 165 «»i*S ^20t 1«I5 i; 170 
mT^ Hftfl 215f 202t 18^ ^167 mT in t!i» iP«ii|nr©tlv» iatratrfNI 
siNietYft df Mi«»» Co t^ ^i^f >^A» wift t«i* Mil%» )&»¥• li)»»a »%%ri« 
mmt»t «• ^wr« ^«ii a!fel» te laoiitirif mrmmm^i&tQg iNtnae in 
different setttftidLiag 0t^m^stn»» of tii# iiwiitti ®ii«ctim of ul» 
Tm %mB» tfent 11# iA *li« ?00*50 CEi*' rtf^toa Itiwt hmn 
attrllmtfia to th« liliy@toiy t fif«ii»l»t9i^ mo^ «« of no^ ** l^ m* 
tm t)i« %tt»l« of %ti*lr mmn» ^mpmmBimcm mad otamrvM lAt«i^«l* 
ti«a» A d«t«ia^ dl»<MiMioa tm tb«M iMf«Kit» for %h« %&«&%%' 
fi««tloa of aiff«r««% •xt«nifti Iftttien mo6m» nf %lm rmrtmm 
oottiili%««ftl« of til* 9rftAmt9 ii«« hmmm mm&m %& tH» fttth. 
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0^ w i i Ojni 9(ita% «Vfli^^ 
mmm 
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FlQ.4-2. Th« infrartd spectra of microcrystaltfnc 
(•)NH^Cu^b)NH^Mn-(c)NH4F«-(d)NH4C0-
(«) NH^NI-hexohydrated double sulphates. 
22S 
400 tOOO 
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Fi0.4'S. th« Infrartd tiMetre of mterecryafallinc 
<o) MM^Co-(b) NH^Mn-Cc) MH^ft-Cd) NH^jCo-
(•)MH^Nl-M«iiahydrc(«d double sutphoUt. 
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<?ft j^y T i l T 
^ " ( § 0 ^ ) 2 * ^ ? ^ * M" » H i t ^Of l a mnA Cu, IwlOiOg to a ^roup 
of iooiaorpliotui eoapmuidl* e«ll«4 tut ton s a l t t tt6€l« Th* 
l)iiriil«ut mmtMl en%l&a i n Ibes* snXts Jiaitt l i lr« i& th« 
ap!3actiaiit» 49ul»}« «iaXptiiit«0 i s »arrouad«d oeteltfi^Fall^ ^ six 
water »9JL«mtX«« mid form, ttmr^hf a c9i^pl«x {li'^CH^O)^] • 
-fMs QOi$#Xtx «^t>i%v#8 iyamitimXiy as n qua®i*t;OX@c$;(!<> C^» 
t@t*1@3i« 1 ^ * nasaojaium A |K>taa«lta tuttOA salts t»ni ionlo 
ii« eliarsetar mni hoth lUf nolulftXa in vat«r haf'litg vary alai* 
lax* optlftal ttad aagaatle prapavtiaa Cl£3«164l« Savaral 
ax.tiariffi«ttt« ^aaliog v l t i i tha autaapt i l i i l i ty ssaaaaraaanta 
(229 i alaacvltii tha aatanaiaatioa of opt iaal aud nafnatia 
^rapartiaa t229*230J of thaaa aalta bava baaa ear r ia i out 
i a tka yaal* 
l laatrott 9an«ac»atia raaoaaaaa atuAiaa e a m a d out ^f 
Saraavat * oprat i (271 i haaa poiataA out tlia poaaiMlit jr o ' 
tlia pyaonaa af %«o sMipMtiaallf iaa^aiTalaat ooaplaxaa 
( i l " ( l j | 0 ) ^ l ^ i A %h9 K^{&9^)2*^BII^9 M* » Co» Fa, K« aad 2a, 
fta%ia«Mi * Emmmt€ (2)2 J aiul Baav (2391 vara ia taraa la i i a 
oaliMKHac tba H*kani alraactte i n tha liS^eii*^ I0»» * OaChi» 
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dOttbXt vulflMt*** YbiXt AlstttMittc tlM H*fttMi positions ift 
%h9m mX%; Mamr C299I fiwuvA that M* 0*1(804) 2*^2® (K* • 
HH^t 1 or (HI) slnietav** wro not •xafttljr iMstnuatursl. vlt l i 
• • ^ otiHir* H* •s9iAia«i liifi r««iii.%« OA tiui %MdLa of 
diff«r«8t ooovAlastiOA awlNnr* ot oiqrgMi •%«»• tMlonfiair to 
8O4 ion in tliooo Ottlto. Eo i^noott A KomiorA (2321 ooao2iifio6 
float thm%v ooittYwi diffrootioft aoooorottonlo on tlio X0«* 
ttsttoA Ottlto tliot t l o i r otvttoturoo oro oiniJUir to tfeot of 
tlto ia^Cit* oolt oxoopt tbat tlio oix votor soJLooaloo ooorAi* 
ttfttoA to tlio Qop9or leu tiro ovloatoi iiffojroEtljr i& tlio too 
aolto. Ho tvHhmr oflaoA thot tho ro^luetlott in tHo iimio 
r$Aii. of tlio roopootiTO oea^cilisi and potoooiira ioao ffos 
1*49 to 1.37 I roopootivoljr 1« of tlio ooao oraor oo tiio 
rodvotlon ia ttm ^liaofioloao of tho unit eoXlo of OB^oniiM 
mnA 90toooi«ui tut ton oftito. 
flio iftfrox^ olioorption opoetTtni of CjCoC 804)2*^20 in 
tlio loo frotvoaoF rogioa woo oMoiooi I f Aaoatboaomgroaoo * 
Sottti i2%3U AAoothOBoroiroBOA Cl$5J IMA 0X00 oodortolwii tiM 
oiaglo ofyotoi «»9«Ioriooi KOMOA otoijr of m i * * E0o*» IKt» 
msA ESA* iMxaHyAfAtoA AOAMO oolplMitoo «oiaf Rg* oro oo OA 
oAOitotioA oo«r«o« IroiiA * Sooo (t88l ftartlior oxtooAoi 
tllOOO iSVOOtifOtiOAO OA tlMOO OOitO tllVOflCll iafTOVOA 
•OOMUfOAOAtft* SOVOVOrt ^^ifV «•>« AAiAljr iAtOfOOtoA iA t i M 
iAtOVAAi AOAOO Of 8 0 | * iOA « l i tiMI OOtOlMAFal OOtOV OOAflOl 
Dl* ( l^ ) | (J , tiMf oiylAiAOi Aooo of t iMir fooolt* OA tiMi 
238 
%ft«ift •t l b * oal«ttlfitieii« imAmp%9inm to 4«t#niiii« th« for«« 
Cll'djO}^! • HOMtt OOtiYO •ItoOtlOMOl <lNM|1tMIOiOO Of tO^*" 
novo oloo f«pOFloA Iqr tlio» ioi^ tlk*«» ooa.%9* eaoy^oli o% oX 
£9001 liMvo otMorirod oAlf « i^ ov fuafioaiosloX Ti^rotionol fro* 
%tioii«loo Of SO^  ioa olonftwitli tiio lilirotiomftl fim^Mioioo 
of votor aolootiXeo iA tho i»f^roA o^ootiu of tliooo tvtfton 
k t]ioreii«it ourroir of tli« lltoraturo eoaooiniias tiso 
m»9i0mmk%m of voriottO iMyado olioonrod la t ho la f jporod ooA 
itfkiio» opootrm of thoRO ttittim i^lto point o oixt m h^&t n^ t^w* 
%9T Of SRlilgttitioo mi0 i£iocH&oi8t«aeloo {I6«2€J* Tito opUtt* 
iiigo oteottToA Iqr tto fox* tho dogoaoroto iiitoi«eI modoo of 90^ 
auft (M^CH^O^gi^^oro tuito difforoitt frm tko— 0f tHo pro* 
•iauo o^oofTotiooo t1$3»f80»1<^,2OOJ. Comp^U ot oX {200J 
ood AiumthaaoPoyoiuMi CI991 Mopootivoly rofortoA tiio ^«AAO 
ot 1138 41 1094 oa*^ mM t U $ a f125 os*"^  im tko iafroroi 
OpOOtnai o f t iMI H i * OOlt 1fllOl*000 im tlUKt o f t l M OO* OOlt o t 
1159 * 1092 mT^ oa4 1149 4t 1100 mT^, Oa tlto otlMr kumi, 
Brova ft ilooo C166J voyortoA four htm&9 i a tltf,o ro t i « i iA 
oaoli of tiM iafirafoi o^ootva of tHooo ooXta* Owr o%oovva» 
tioao aoro or Xoao oa^orl tlMoo of CMiytioll ot o l 12003 md 
AaaatMoaoniraaaa (1993* Za tko Zl a^ootnai of oaoli of U a * * 
* TlMi i a ia oa K^imim^)^^*^^ IMHTO ^ooa tokia froa tiM oofk 
oarvloa o«t igr i v . B1M«[««I iiagb for irtiioli te ia tlMtaii» 
faUy aafcaawio4i»i. 
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•Bi KCiM> tttttOA MltSf «• httm •%««iT«i %«o hmnim for %hm V^ 
»•#• of 80j* ion* Tlii* f M t hM bMtt •Sj^loiiuii An* t « tiM 
imtOFfXar A^ alMatf iAt«nol««iU.«r eo«f Him tMOBg S9^ in 
tiM f«i««r «tt3* iAiiX« 6«i to «&• pvommo* of twi ty^o* ot 
soj* loMi itt tlM l a t t t r C2Ci« Ito « i ^ otftooriratioii tmm 1»««a 
roportoi in t i ^ »•«% on titoto tut ton •a i t * . TiwM MIA 
vsriotio otlMiy point* »«Atioaoi %m mmm i o t a l l in tlui pFo* 
viott9 oiwytov OR •Mtoninii t«tt«a onlto Juotif^ « %hio*m^ 
atttli' of t!»o 90tmooi»s tuttoa oiato us v t U t fnrllMifsomi* 
t te otiiAjr of potoooiiai tutton mato ^mmM ^Xp no iii ^ M 
oorroet iAoatifloatioa of tiM AIIOO dopoafioiit oxtomoX 
Xottioo sod to 1 ^ ^ l io in tHo fOiSSoA lioXov 2C0 mT^ oixieo 
tlio oorroopoBdiac f)roqiuoaeioo in thoso ooXto voitli ohift 
Aom*«ord os>pvooiftVljr oo «o go fton «in»iMftl»tt ion of mmoo 
16 »•«•«« to potftiWi«ni ioa of iwao 39 o«a«m* 
Xa tiyio oli«9tov» «o dlooaoo %h» olaglo oryatoX Emoa 
opootvo of H i * mA lOo- ooXto in difforooA ooottoilac goo* 
•otfioo OMA tHo oofoXoriooi wmtm opootvm of tlMi yonAovoA 
•aiiyXo of ie»» ooXI* vo tafo oXoo rooovAoA tho iAfvovoA 
• foot i * of sioyooofoloXXiao o i f Xoo of l i * t Oo*» ICii* out 
0»» fOtaoolMi tiAtoo ooXto ot VOOM tOMfomtwvo* Siaoo tlio 
o«r«loXo iftAor otoif 090 goatPO m—otrto { m It olkovo tlio 
lafMvoA II Mamm opootv* ovo ooayXoaoatwy to oooH otlMr* 
i t i«» tlioroforo* %oRofioioX to rooovA tuoir iafiwPoA «• 
ooU 00 B«Mi» ofootv* to tnAMPotoaA tioffoogUy liw ^^TMidos 
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Hkm tmtnltpaXti»m oi%«A ta tl&t Ilt«ratitF« hm9 ^ M I vvBOvci 
wUt j»«tp«r Mirii|^i8i«ata of tlio liaatft hmm %••» ««§•« 'KMI 
laf»«ro4 ii9ootfi» of Sbi» osJlt iuui >t#ft roooartfoi i& tlio 
tOMpomturo r«Bco (4-27^6 to *l89®e)* A otuijr of tiM Ohoagoo 
ia %li« iMaa profiloo of tito tOApomtwPo ooaoitivo li%vm» 
t ieiml iiKi#oo of tmtov »oi#o«3.oo Mo 1it«» tinSorlatott to 
•a3Liilitoii vm o^mt tito ii«toy» of forooo %iii(liiix th.9wm imlo* 
eulos ant alto to OKfXoro tl>i« j^ooolMIititiit of phttm* traa* 
fsttioa %M %h% fWtXtf i f ttajr* EovoYor, mi hfcrw not %fi«a olUo 
to olioovro oxif »)^^ ^hMNi tx^anoitlOK iix tblE &tXt e»t our 
9*^ f^cwMW lioaoo ia tho OOTrotao 
fbm potoosiiis tntton oaXtiit. Ihnfing tho opooo §1*0119 
9Sfmm%Tf 0^9 «ro iooaos^pltoao to tlio msmmitvm tmttoa ooltOt 
im^)^**{nQ^y2*^2^* dioen««od i a tlM» provio\i« ohai^tor* fim 
i famioo of tiM potaooiva tattoa oolto oa& tm AOOOYHNIA i a 
tonio of t s i iplMaoB aoAoa (103 eptioal • 3 aeoviotloai) • 
«rioia# fyoa <ifforoat aoiaal aoAoa of l!^ ioa» CSC^ CK^ O)^ ] • 
So|* ioao aaft wotor aolooaioo« 9iaoo 1^ ioa io a aoaoatoaio 
iMi t , tko total 9iMaoa aodoo of potaaaiwi tattaa aalta w i l l 
I10 aiaaaifioi iato iataraal. Ik l ibratioaai ao4oa of tbo tluroo 
tfpoa of vator aoiooaloat i o j * H mmplsm fM*iM^Q)^^ «MI 
tlM tvoaaiatioaa of tiM iaol two naito alaacvitu tlioao of 
21^ ioaa. Jfm UMm i a tha Miiiwtw tattaa oaUa* tlM tvoaa* 
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IMM ift«liaiiA i» %lit wmAm of tut mmplmm, Tb« fotnatioa 
of «lHi ooBplox Dl^CBjO)^l^vitlt th« point iMiiy wfmmtjpf 
d|^  teoo iMOft OH p^ortoi ly tsrlior oNiftioo f 981*1^ J* 
flw olftOolfioAtioa of f Oi 9I10BOA «o4oo of tlMM i^o* 
ooltti tttttoa ««lto IiffTo %••« oofkotf Ottt In tim 7«^lo« 9«t 
oaA S.2 aoiiis «ttit ooUL AOI! oito wrmmtrw ttffprttmoh/ut W9» 
pootliriljr. Tim %tmim of tHo oXooi^ f leatioa of total h^oaoA 
ssodoo iato iatofBoi* U!»rmtiono2L ooA troaoiotlCHiol »oAoo of 
difforoat ooaotituoiito of tlio oxyotolUi hw Skkmw&w %««a 
aioosiiood ta dotoil. in t ^ firot &mp%9r (ooe* l«9)» 
9*^  Stittlli m U§mMm 
$«3«1 Oboorroi ogootim 
flio lafiwroi o9oeti« of iil»f Co* and Uti** potaooltitt 
tuttOA oolto hmw h99A yooovAoA lA tHo rofiott 4000*400 as* 
ia tho Or sotyix VIMVOOO tiunt of Oit* oolt in tho IM8*9 
MKtvis aitA olao ia tlHi fom of paro ^lloto to avoii ioa* 
OBilMaio ia ^otvooa ea» oait onA allmli boUAo aatria:. It 
vaa aioo yooaililo to vooofi tl» tvoaaoiooioa apootvao of 
vofjr tlOa vaforo of tho aiafla ovyatal of mppw oalt, i l l 
ttooo ^ootva tofoaX iioatioal roaalta. flMi tfioaiaoat boat 
9VofiUa ia tlM 570e«M00 «i*^ r«ii«i toro %ooa vooolroA 
aaaaally iato aa optianai aaaHor of Xtovaaitaiaa alMpoi laaia. 
yif. f .1 mmm %hm lafvavoi apootra of aU thoao aaXta ia 
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U» 9TCKM900 «i*^ wgMim nHmmmB Wl§, 9.2 ia tiM 180<M00 
2800*1800 mt^^ hm9 aot ^m iimni IMM for 9amwml9a—» 
flM iafswPtA •ftotra of tteiM oftlts novo oloo v««ovl«i %tl«v 
400 m vmiSig jpolyotliyloi}* MitMx moA hsv« bMa iliowii ia 
Ftg* $«4» tlM ljifrta*o4 i^cetmai of Hii* Mult ««• «loo ro» 
oev^ oA «l low tMipoTfttiiro (*I69^0) on Pi«$60 I& i^ootm* 
l>loto»o%ov oaa ito •iiooti'ua in tHo 900*400 m rogleii Iwo 
iHmsi ooaporod tritli thut of tlio oao olioorroA ttt voott f OBpora* 
f&o sliiglo oi^ fffeaX ajiMfty &•»•& of«etrft of huX* mnA t^» 
•oltOy ittoiffi ia Fl«o« $»9 a£^ 3»6 roopootlvoly* ^^9 iMwa 
i^oorioi on laiiAor Bi 2i i|»oef«o^iot«Mttv in th9 Y(3a0^e 
XCTT)., ««4)T. « « ) * ( m > . 1 « . « . I ^ . . | » . t t , ) » a 
I(ir}2» i(Tl)T (Bg»fgfii«otiir) oeattorlaf gmmtttHm* fiio 
aotafiOAO iMOi tero to idonfltl^ difforottl ooottoriiitf «oo* 
Motvioo oro to—• oo tkooo pitipoooi for tlui firot tiao tf 
Forlo ot ol Cft i* fflw 4iiO 1 Uao of tlto Mar* looor wm «ooa 
to OBoito %lM ofootra of f t*^  * 0»» ooUo ost o tovor of iSkoat 
140 lAi «iMM«i #928 t Uao of l o ^ o Uoor oi o pooor of 90 
•W «»• oooi to osoito tiM o^ookro of Oo* ooU, ft* flMtoa 
oo«at •«< tiao ooaotoak voto koyt 
900Hiroljr ia o i l tfeo «»oo%va rooorioA. flM wyoXariaoi 
Koaoa opootrvi of ^i» oaM io tfkmm ia fig* 9«t* 
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9*9.2 fmfffwt f^t> m m%mi 
fkm •l»M«v«i fW9%mm^99 ( « • ) wi/mg v i ^ %lM»iv f u l l 
vlAtlui «l lutlf «iM •«iei«Hi tnt«n«l%i«s» ftrmx ( ^ « i *^ ) , 
999k ia%ti««lti««9 X' m«««af«i OB aa arliitrairy atsXa aa4 ttM 
a««l«iitttiit» of •Mi l of tli« rvMlwd %«aAs in 1tli« iafr«r«i 
•p«otm of i i »» Oo*» Map* meA 0»» tuttom M X I O iucro t>o«A 
totooUdoA in tlui fakltm 9*9« 9*4» 9*9 oat 9*€ voi^etifolar. 
flio oorfoo9«B«i«f EfliKoa d«»« for iii«f Oo* ooA On* mtHtm h«ro 
iMHm i&TOtt l a tlto 7t^lM9 9*7» 9*d M A 9*9 roopoetivoljr* fiui 
iafnupo^ fvotttOiiotoa (fo^Ito 9*9 to 9*€) %olov 400 « i lunro 
%«oft ttOiMuroA oil fZR-IO o^ootvofliotonotor ^ t^oroeo tliooo 
m%Qiw 400 M ^a m*S2% • Za TOlilo 9*9 # tHo teaaAo i n tlio 
900*900 01*^ lunro %tmm vooorioA on f9»980 ZE opootfoplioto** 
solor* fHo tfVBamvi99 gi««» ia 9aroiitliooo»» lumro iMioa 
oMotaoi At %9m tMiporotaro (<»189^0) o i^r la t i i t * Tbo ojni* 
%olo iKf Vf TV otoaft roopooti^roisr for itiottXAor tjriNit wook 
•flw vorjF vook M M I O * 
9«9*9 
flMI OOWM P^MMMM iWT tlMI XOVOriJm Of i&tO O&tO WfWtltt^WJf OTO ttPi 
f o l i i <A) tiM 2ft iaootivo j ; * (Af) onl i'} (1) M4OO %OOOBO Xft 
i«tiiro oai ( U ) tlM iogoaonotoo of v{t v j * v j aotoo oro 
Iftftot* flko 4ioooooloa tlMt IMJovo f a U f oorvokorotoo t l » 
oiofo footo* ftkt foaioaoolol. ftoo too frofaoaoioo of tiM 
mf^ Urn lata oro m, 491* tt04 oat i19 mT^ ro«9«otiTo]|r 
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of C »^ i » I I i^9««r witSi iM«» f^rotamigr of 99G # ioe « * • 
flmmf lMtist4o M f iinfliiMiB0«01ir iNi iMMMOliAoA vlt l i ^ « v^ Miio 
of 8o|* ioa* ZA tfeui «a9oX«nood EOMOA opootroi of eit» ooXt* 
« t iyoi^ oaA Aovp IMWA «i 971 OA IIAO %OOA ol»otrvoi 
oofiPOOpoiiilAf to Hiio ttoAo* ZA tiui roopootliro iAfxmroA 
opootVA Cfi«« $«2) of iii«« Go* oai MA* oalto* tl^vo io A 
voi^ oad iAovp bona «l 9@i» 96€ ooA 990 flA ooiTOApo»Aioff 
%o tlU.0 AOAo* Vo oxyoot tAlA ItmoA to %o voik in tatOAOltf 
00 ik* |>0 MMIJLOOX3iy Xft fl|S%«MOA» IRhUOPO IkOf MWOVOVf A 
AorlBti Olfforvioo io tAo teoA ytoflXoo o^oowoA for tAo {p^ 
I^^W^O^O 4MHI wwH^W JHw B^^F^O^rWwAP KFiA V v m r ^FwA^" flBpiWA wfwK^^ y ^ v wVMMMfcwMw w A O ^ w^WWfc 
OOitA AA OOAfAirot tO tfcOOO Of OtAoV OAltA* ZA ttO iAflTAfOi 
OPOOtM Of tAooo too vooyootiYo AAillA (foAlo 9«te)t 9«o 
lAMlA At 997 * 9 0 «A*^  M l fdOi A 909 OA*^  hAVO %00A 
oAooi-voi. BAI OVOA I A %O9OOOA tiiooo too ooJltOf thoto io A 
OAlillo AiffooiAoo lA t io iv opootna footwoo* Bo^ Vm 
l . l t ) . AAftoi AlAOit 09AA3L IMKE ( M A IS Ai*^ yoApoAttooljr) 
llMHPOOA tAO BOAA A I 99? OA*^  Af 0A» AAlt iO f99W A^AAf OAI 
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tovai (fMllMX • 90 «[i*^) «iiii» tlM otlMV on* i t vt«k anl 
Attpy (flOBfX • • mT^)* ftm %m baai* i » tlWM two «•!%• 
i» tia.s f» i l« i ««r • > ! • • d^ M to Mgr M O of %im tliy«o vooacMM* 
n * . ( i ) nm oonPolttllMi f i « U •pUttiact ( U ) %h» Bultl* 
9IM11MI «oio tmH ( H i ) tlM i^ roMHMO of tvo trp«« «f 80| i<Hit 
ift tlM ex3r«t«Xs» fli« vtvttstiiffo m i t te iatmoitioo of tliooo 
IMMRAO HO not ouii^ i^ vtif ]Mrawiri8*f tilso OOOOBA 900ot>M.X&%|^ « 7o 
xnXo 01^ oao of tiio rowointag %«o oltomotlTOO* oao vealii 
iMtto to oo«9«ro tlio opoetfv of fliooo oaSLto for otlior soAoa 
alio* 
AMiool«to£ attla tlio i^ »oAo» tao imXL voool^ vod Imifia 
hsvo iNiin o%oorv«t at fU8 & IIOO m*^ aaa 1190 ft 1100 ot**^  
ia tlM roayootivo iatrai^ oA aiioatya of Mi* aoA Co** aaXta» 
idMraaa tlupoo \mBAm iMtva iHiaa ottiaanraA al 1142* 1112 * 1092 
Oi ia tluit of dSa* aaH irtdlo tm» "^msAm at llSOt 1142t 
1110 * 1080 «»*^ aa« 1219i 11C9t H39 * 1112 «a*^ ia tlho 
foayootivo Zl opootva of Ka*^  aad Oa» aalfta (Tol»Io 9*10) • 
AaoBf tlM tmsi Waia of Ott» aal*« tlM Idgboat fMfaoaogr teai 
(-1219 «i*^) ia 4«ito itav» (fvait • 99 OB*^ aaA aypoava 
aofaraloair ( f i f . 9*2) i^ Mroaa tlio otkor tluroo baaia <11i9f 
1199 A 1112 «i*^) avo aoaoalMtl iNmaAar (91»a - 90* 42 * 49 
«»1 
apootaaX foal^ wpoa iMMfo wto% 1it>oa oaatwoA ia tfeMi iafvaao4i 
ayootva of otiior lavoatigaioi tattaa aalta iaalai iai 
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IT (•§•• 4»9*1.2)* 
A««9fiiiaf to tlM fftttor C>wi9 •ii«2|'«i« ( f a l i ^ 9.2) • 
ifMROtfloo of 0 ^ opaoo gnmy m«f lio otooiroi for tho Vy 
»o4o« Hovovor* ttnoo tlM c** 9*rit3r aoAoo oro EHMA oetivo 
IIBA t to «» p^sfttf aoAoo «ro iafradrod tteti¥o» olx iMoiio oooo* 
oifttod with tlio lg« oaA l^ *> qrnaotiloo afty %o olkoovirotf l a 
tli» Hammt opootm ^orooo « toto l of six tanftOt tlivoo for 
o o ^ of ^ o An* 41 S||«* wfmmtnmmp emsM 1m o¥»onroi I A tlio 
lafiPoroA opootva of thooo salt a* fiio tliroo liiiittjio iNiloagifig 
to osoii of tlio ig*» llg«* An* it S^* •fnaotrioa miiy onoo €uo 
to tlw otmtio fiolA oplittUig. 
flioroforo* OHOOK tlio tw» teaHo oloowoA la tlio ia f ra* 
»9€ Ol»o«tfa of Umm imA Ott* 90tmo«laa t a l t i a ooXta oorvoa* 
^oa&laf to t te Vj aoAot ^»roo baaia aor ^ aaoooiatoa vltl i 
tiM latf»»i[Mlooiil«jr ooai^ X&at (otatio fiolA ayHttfcai) wliovo* 
aa tlio oxtya %oal aajr 1M Aao to tha iatorNMlooalar ooi^Uac 
(aorvoXatioa fio2A apl i t t iaf} or 4ao to M M pvoaoaoo of tvo 
tjryoa of m^ loao i a tlMoa oisralaXa* 
o%oofyoA aofo tiMa tiUNMi voak iMt MMurf lMa<a for ooA of 
tiM Ag» aal i ^ * ipMMtfiaa ia %hm v^ wmH apootrai rofioa 
• f m^ Urn (ffaUaa f * t A 9*t)* fka vaoli iatoaoAtioa of 
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flwff«fom» tik* MsifBMftts of tlui ktni* l!i»9 %h9 vj M i * is 
iA tiM Xit •p««lim am •S9««l«i to l»t tovy •tTCof ( f ie* f«2)« 
AooofiiagIjr* tlM bMiAo o¥««iT«4i vitH »••» f»«fiiiA0lMl of 
If29» 1119 * 108€ mT^ in t te Ag» vynmtiT mA st I130t t116 
* 1090 w*^ i» t M Sg* iiyaiiotfy of Ii«» ovXt irii«ro«i timtm of 
1131, 1112 41 100S mT^ oat «l 1149, 111$ & 1004 vm'^ iA tlM 
xvopootivo Ag» oai Jl.* mfmmi%wt<$m of co« ooXt bttvo Immk 
at t r i^ to i to tiM v | ii0*o« flM arowoiBJloy iMmdo o^nrvoil in 
tlio v | woio rogioii of tlM EiHiaa os^ ootm of t ^ i o oftXto nay 
^ aaoooifttoA vitit tlM ooMlilntttiim ton** (fmiao« 5»? A 5*8) • 
lA tiMi iiapeI«3ri«oA Wmxm wgmt^wm «t OU)* »ft2il« thm thvoo 
lioaAo wltli sodiioi ijitcAOitlos «t 1120* 1100 ii lOtMl mT litsvo 
%ooA iiooi#9uii to tl» )^| nodo of @o|* ion* 
,0 5.3*3.3 
IiOolKiaf oi %h» vj[ aoCo o^ootnUl FO^OM of th$ lAfiwtoi 
opootiwi of Oii» MU« four lMnrll»« fom&an %!• voU. o^psnioi 
••A AivtiMt mmUrnxm^ luivo %oo» o%ooyvo« (fl«« 9*t)« Oa« 
oostowp ooBlyiiic «l M t «r^ io tpotir gtuury (fVMltl » 14 wT^) 
* 9/^mm§ ttMVOM tlM otlMT OBO oofliviac at <j^ «i*^ ia O M * 
tataftiiraly ¥i««i (fWDlZ • 29 mT^) ft «a«lt (ftflOo 9.10)* 2a 
tka atlMHT iN»taaaiiai tattaa tsalita* oaljr two iMnftat oaa alMvy 
24S 
(f«1il« 9 . to ) . I l l %lM SLwmwm sp^iitm • f H i * ani 0»* •»!%•» 
t i l* t r i f l j r d«i^atr«t« v * • • < • i« t« r»Mlir«A into ^Haw— 
&a<l«iiM IMNBAC vitki r«S9M«iT« a««i f9r«««Mioi«s of i40» i t € 
tt 615 OBi*'^  « i^ 63$9 629 41 6f9 «i*^ ifi tiM A ^ ifsMtffy ttoA 
of $421 62« A 616 M * ^ in« 630» 629 A 616 mT^ in tlMi Bg» 
9*9«9«4 Ifiij'iiilrtil' 
flMT }/* BCi6«, iMiac « synMtrio <S«foftt»tiom »od«, 
tt^poars yl tk a^oroto itttOASity ia tli« nwmwA i^«etm of iii»» 
00* fluA Ctt* oaato vitl i i t s Aogoaoroey eov^lotol^ liftoA 
(fftliloo 3*7» 9*6 A 9*9)• IJ» tho iafroroi opootfm of Co* 
mA FiH* onltOt tlilo soAo ftj^i^oAifo ifith i t « togoaor&ejr eoiip* 
iotoly 21fto6 (?iikIo 9*10) vlioroMi ia tlw iMfrwe^A opoetiw 
of hl^ ao6 Cii* oftltOt vo 0911261 hovovor* oboorvo only i^  
olo«24i 1»w«ft toiuiid «p9oarixm ot 460 «i&6 492 OB roopoellvolyf 
But « olAoor oorutiajr of tlio iAffwPoi opootfrn of On- oolt 
( r i g . 9«8)» ohovo oa inAiootiOft of tluroo boaAo mt 460, 492 
A 449 tm eovfo«90ii6ii>c to tiMi i/J * ^ * * tlioagli tlioy ooolA 
aot bo ffooolvoA voiar oloorljr. Xa tlM lov tOMporaltaro XR 
•tootiwi of Ma* ooit ( f i t * 9*9) • tbo tvo boaio boioagiof 
to ttiio (vj|) aoAo iMnro aypooroA vit l i oahaaooA iatoaoitioo 
iMiA votaiai«i tlioi9 obooioto fooitioaa ao oboowoA at 
%hm aof oriaoa of tiM SA oyootva of ioootv««b«ral. 
247 
tiMd «&• •^••tiiMi ot ion- mat i s ««»ii«%itt«ljr i i f f « r M * 
iwom tiu»M of o«lMrs» tHoaaH i t r^mmhtmrn vltH tlL«t of I n * 
M i t M tar M tiM 1^ aoi« •^ l i t t iag is ««a«#«iMa mA tiso 
vit l i tliAt of Ha* oiilt ooaooraiac vi »o4o a^iittioc* Xt iOf 
tkoroforo, ovnoiui tiuit tho fiooKotyy of )Bo|* ioa in tHo Oa* 
uJLt io iiffoFoat fro« tiiaot of otiioro. Aeoox^infIjrt ttM 
two %mi0m soooeiatod vit l i ttm v* woio of so|* i«& la tBo 
ia f ra i !^ apootva of ^ - ft On* aitXta ulioiPoaa four iHiada for 
tiM v | li^^o in tkoao of iia* t Oia» aalta ariao Una to Ait* 
forfHit roaaoiia* Xt i a also to tio notod tbat tlM apoetral 
ftatixroc of tM %mAm oorraaj^ontfiiit tci tlia v j «edo t& tlio 
tM«> aaXt ia diffar«at f r o i t&oaa of otlitr tuttoxt aalta* 
thlB fallyoorroteorataa ttia fast tlimt tlia oo»»linati<m of 
SO^* ion itt tiw On* aait i a difforaat* 
fliottgli tlM oorrolatioa f ioM apli^ttiac ia oxiHiot«4 to 
^ atffOBC ia tho afootim of %him9 lif€vato< aaltOt yot tiui 
•la^ JBpa^ F^*apaBi^ w F^ aw^^araa*w a^^  ^^^> wa^i'la waia>MMBi^^aitw ^aa»^^^a^B^ww^^aiw aF^waaa^^w ^H^^W ^^^wa^aw ^afa* 
tlM V|« ^1 oai v ^ aoAoa im tiw Ift •^oatrw of em* aalt 
i j if• tlMvafaro* t te y i ^ M i i H t r of tbo yroaHioo of tao 
t|r»o« of m^*' ioaa i a tl i ia aalt i a t« i to XilMly, ^ M I ]a«lM«t 
^ ^M %aai« Wlaaginf to tiM y^ * *^* '^ '^ '^  ""^ ^ * ^ aoaai* 
Aotai i a titt pvaaonl •iaaaaaioa Ana to ttiair vaali iataBp> 
• i t ioa ia a U tlM a»o«t*a« 
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i t * iaff«rt« ay^tttiwi WlMf i im t« tlMi p^t v^ « i i i^ J^ M i«« 
y«»]^niv*iirt au^ lit ••••«i«i«i «s.tii tvm %f99 mf m^ &ML 
mAt9t%m %%^ yj—intaf lMnA« tt^swri^ for ^ M r«^»««%lf* 
2* 
%9m f Vtttil M «MI9«M« to tlUr MOMt SUlM ttW AtgMMPft* 
« ! • • of v^ aai v j • •€•« IMIOIICIIIC td tlM flx>irt 1qrf« of 80^* 
torn ooviSH aot IM y—oroit Mofoevi^y Vm IIWVIHMHMP of oofli 
iMwA ooiTOifoaaiiJk« to tko t/*f v j A i / | aoioo of «to f i rs t 
t r i « «t S&l* ion iii4tlo«too t^ot t to foreo ftoia of m^^ i«o 
ia tlUUi ty9o io »ovo iwraiOftio th«i& tHo ooooaA. f%» tvo 
iMuiio ooiToiq^»oi4iiif to tfeto ^* ttoHo III tlMT Zt opoetfiHR of 
i««» oolt ii»6 fl»i>v iHmAtt for tlio i/f »oAo im thot of Ha- oolt 
M r^ l»o oi^lftiftoA AIM to tiMi oorrolotiott f i o l i opHttlOf 
tlM llfOOOMO Of I I fOVMMOft V* 9t v j BOiOO tft OILJL tlM 
•^ootm iotiooitoo tiuit tlM ouiplttio totrokoiioft io 4io» 
tovtoA UaoMPljr • • ««U M Mi«3Utt^lf t» A^LI. tiM ooMo* 
lOMPror* i0m Vbmm i i t tort iOR ooom to %o fvoMtooft te tlw 
ll»^ oolt taanNUm Oi» oolft* OIAOO tiM oyUtt iot ('^ 100 M T ^ ) 
of v | «oi« 00 ool l 00 %tm ioftMtioA ('^ 9 mt^) of 2^ * iioio 
iroB i to fvoo l«o ffofMOMsr <9i^ mr^)^ «lii«ii oooooato iMP 
t io UaoMP «iotomo»» io fvootoot (folOo $.10) ia tkio oolt. 
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M l t « , a i e w f t i i » fiawytwp Xf» iaii««««9 thai tilt i9««|ytt 
• f B l i * , t0»» aziA lll»» Mltft VMMMiMy* «l«Mly vitH tli»M 
IP* m r t i^«r t iMi t)i« %Mi iMistlMi ( S ^ ) fm« hmA wmgUm 
(0»IH)) of sol*" i M iA «]Mi f««N<»ti'v« t«e »»!.%« ( I R | i i « nii» 
l»^0» ft I6»» W^Na * inift) sr* eoBy«ni!i34i. mwwwWt « • way 
la «h» »« . m t M tb. taK. »Mci««.< «t«i ,;• Boa. (n , . 
^*^«4 liflltiimil mitt till j r ijititi?,.M3^ftiffilii. 
$*3«4*i f* mi r^  BttfI 
ftm ietmra^ v^aatftt ( t i c * $•!) mf A I I t!»» i^ot&«•!«• 
t«tt«ii • • I t s tnwlar 4lJM»iMi9A I J I t to Q9I* vli^tikljig f«S&wi 
• f «to ir«l«r mnlmmkim i s • tmlas ««• t« 99wtlm§9%a§ 9f tiM 
•Hi i i fMMtv i * ( v p M A • f — t t t f ( i ; ^ KtvvlAlat »•#•• af 
• I t t M i f i M l I M •# t t o M tottis iMfv to«ft i i v m iA «to fftHlMi 
XT* •#•• 4*9«t. 
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tlMi ( ^ •!»••• iVMp* lunrt %Mtt ^••tgti«t«A iMMw for oeaEV«ft» 
!«&«•• M EjOX, K^on aai Mj|OSlX Ift tlui i«««Miiaff •vi«r 
«f tMlr 13* ^m& i«r«ictlMi« 81a«« tiui H» tmi^iag lamw 
tiw tlyvt^UUif ft«tiMB0i4Mi» tut 1»«nA« fonttftntinc li« t te 
MtrnptfAOitg wii«» of tko EjjpXZX CiMOkeot i s thm 8* Wnil 
aUswii^li) •iia%it tMOloot miM fiKMi tiioir f)pfi« otsfto 
•ttlno* ftfiiA l^ftoo will fftll teiriurift tiMi MI^ MHT fr»««iii<r 
olio of tte gftolvft* »MHrofoi*i« tlio %fsiii» oteooinrvt ot 142$ 
A 1370 « • % 34«0 ^ 1450 «i*% M ^ » 3450 foi*^ iiell 14*0 « 
M20 «•! ift tlio voo^ott&vo m o f^totiw of ^i** 00*9 )t»* & 
IM* otais lia^ vo $^«ft fittilkiifttt to thm fioywiotilo (v?) oaA 
•fMMitno (i^) otvoiiiilxMi sodoo of B|OtXX aolooaloo loo-
900«ivoly« Xt io to %9 aMitoA t&«t «XX thooo ^maAm foXlov 
Olov'o rolatiott* 
to o iooi 999f%imm%lwm* l^ o say* %lio«ofo«Ot i«iio«t tiM* 
a^ OXXX 10 olMOOt iyiMMitflOAlly ooovAlAatoA in tls« ooXta 
09««ifioi ocrXior, Aowiotni aXo»*o voXoiioA to %o tlio 
y«f««liifc fwp ifomtflooXIy ooovt&MtoA ««lor aolooiiXoSt 
no ooAolato f9m m» ^oovtotioM tkii IgOXX io ^riittotvio 
l» tl» •&•• Oo» * •» • ooXta* ooimotrio &» MM 0«* ooXt 
l i w f o t IgOZ ! • aflfMBOtilo ia o:^ tiM Ml**. 
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1% htm Urn •(ilaMLitfMi mrU%w C7t 1 tlM* tiM tfUfIt 
fir«t«in«l«« »f vvlMP ••X»«iiX«« with v««p««l t« tiMir fy«« 
ICBftlui. A iioiM>t«Ai9 x«laii9tttM9 iMtvMS %hmm tliiflA laA 
^•^•vlMila {2071. fdllMnac tltils r«ls«i»a«liif» «• IUMT* 
Siff«r«at imtttr »oI»«taM ! • • • B^OI* 1 ^ ^ ^ ^^ IgOIXZ in ttU. 
«lMi«inr«a a iNiak w^ Inmai baaA «t tSOf nisi I90G «i la 
%hm XM 9pw%wm of Ji&«» moA 0«» aalta t«ap«QtlTalf» irtMraaa 
two %mA9 hmrn %••» a^aartwi at liSG A 1970 ta*^ anl tbraa 
%iaia «l IffOf 1949 * 19iO «i*^ ia tlMi mwpaativa Zl i^aatta 
af Ot» aai Ha* aalta (f ie* 9*2) • Siaaa tiwva &• aa «var» 
lafptnf 9f thaaa Wat a vttli tWaa aaaaaiat«4 vitii atlMr 
^wa^avHWraaiMBRflv iH^R^pa^^^aa i^rw iiFai^vw^p apaa waanai ^awjV •F^VMahapairS awaa ^aaaaBawpai»^Haaap^iHaa 
^w^a^PM^pHl^^apvav ^ ^ * tFalwl^Hi WfV WWB^P Jr afc w^PalW*A4aMp WK^^^Kt^r ^mtm t m a F ^ l p * aBBPafc^^^^ 
aaXaa aaalA %a aala* Dia vaak iataaatttaa af tiMaa Waia 
Bay W aiq^laiaat iaa to tlM aaall ahaafa la H M i i fa la 
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i w t t t a««Mii«t«6 vltli ti lt miM •o»viiiMct«< wm%99 ««l««ia»«« 
fiui M9p9mrmatf of •iA«l« «9«ii IMiai i a t te H S ? * * ^ ' * of N i * 
«Qt C»» t^tts 09fv««poiiAlii|l to tim V2 B^^ inlioaeto* l!i«l 
^ o lj^*a^O lAtof»oloetil«r oonyXiiig ta diffof^tt wiift«P 
BOlooalos i t tttlto voiik in thtoo •a2.t0« FurtlMfWMPO* liiito 
tho K* 1)fiiiAia|| ineyoftM* tlio iMMntfixm f^ roQttoiiOlofl wlioroft* 
m&%9X*^m^em ooor^lnadioii lowor« i t t4J» tlM 4o«aviivd 
i b i f t * of ^iO oaA -v 19 «• * im tiui vooi^ ootiTO XM Sigywotftt 
of tItoMi (lii» (k Q«») OfiXts i»Alottoo titat t ^ wm%9X otygon 
ooofilimtioa domiiwtoo oror R* %9i^ijiff ta tbm norgiaoXldr* 
^•9«9 MJOHtlli i^ f f f ftf if jUfii i i iAtiiJiit 
In t ^ Si.l>r«tof7 aodo fro<|iioxi«gr rogioa of vattF ^ol*» 
ottloa (900*400 0H*S* CaaplMSX ot «]. (200 J hm* tmmrwwti 
imoF %MMlo «» 890» 792« 970 A 498 «i'*^ t 8€0» 740, 9^9 * 
49S « i * S e90« 740» 970 ft 449 M*^ md @€0» 770, 9 ^ ft 442 
« i lA tlio rosfootivo IE opootfrn of H i * , 0o»t ilii^ sM On* 
«•!%•• thof^  iMtfo ottn^wtod f i rs t two hmoAm to tfto voekiac 
i0mwtm tiM iftot two )»«iio to tlio wonginc aoioo of 8^0 
O^OOTVoi tiKPOO vooli iMHiio ot 910, 849 ft 800 «B*^ ta tiM 
I«MS ^ootiwi of i i»«ol t ooi «t 899, 898 ft 770 fti I A 
tftKt of Oo* io l t * Ho ftai, ftovovor, MWigaoi tfetooo %•»«• 
to Vm tiffovoot ovortOMi ooA oottMaoitiott ao4oo of tiio 
00>flOB t l l " ( i j | 0 )^ j ' ' * ' , VO h«PO Ol«0 0!l009V0« TOVy VOOk 
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%«al» ia tlui nmmmA ssMitttmi of tii»«t ml%m in tiM r«ci«ft 
9(M>»400 «i*^. Bmt %lw IMMIAS •kMrvod in «li« UktwufA 
•S>««tfm of tHOM ooltt in tho ttao rogiott «r« of ooa«i^ or>» 
«^i« &a%«itoiti«« oat %fam wuHiot "60 ittMltfloi to HM 
vtiltt^hoiutt ffooooooo. Wo b«Y«t tttorof ^ vo« oooiipcMiA thooo 
iMiaAs to ttio Ufeirotoiy mo6o« of vot«r BOloe«loo* chop 
ftO«i«iU9ii£ito oro furthor oorro^rotoA W tiio oorlioT t189* 
1921 otttAioo o» olMilar Ofystal liyiifotoo* flio Ii1if*o%io&«3. 
Modoo oooooifttodi with tlio tliroo &tw»99 ot vatoi* aoleouloOt 
i»o* ^2^ t^ H^ OZI oai HjOnx, ia tlio iafroroA ofootro of ili* 
ftafi Co* potftiioittii tutton oaXto tmlX %JX tho two hwowA %m9iA 
profiloo. fUttoo pf^filoo haiwe l)t«^ roaoXirod aiuaually i^to 
i<o»t«i«a ilno^ot HiuoSo* Ihm %o«l« of tiio oooigomoftto of 
tii« ^miAo to tint roelciagt iragei&f *^^ tiriotiiag llh^t&tiiVf 
•odoo of diffoy^st imtor KOXOOUXOO io tho oaao MI diooiioooA 
iA tho pmvicmo ohattor (ooo* 4«5«9) CMI tho OMaoaiua tuttoft 
ooltii. 
Xa tho SI opootrwi of i i * oiil.t» tho hmoA ohoowoA at 
900 OR*^  i s otroBfor thoa tho haai at 900 oa*S vhovoaa ia 
that of Oo« oait* tho haaA at 979 «a* io otvoagor thaa tho 
919 M • Oa tho haaio of tho iatooaity oyitorioa* vo havo 
aaaifaoi tho hoaia at 900 aaA 979 mT^ ia tho voapootiva 
a^ootra of i i * aai Oa* aaitOt to tho «a«|iac aodoo mhrnifm 
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t ies* «! $00 m i 91 $ m*^ to t M Wf^mg m»iw «f R^oni* 
On tt« •tilttf liMiA, tlt« U&Am «l 540 A 590 tti*^ in tiM M«» 
9««tiT* I I ffiHiotni of H I * Jk 0»i» sal t * tdp* ir«]rf malt is 
to t ^ tvist la^ m9$9» TlMi fast tluit %hm «»ii|iac aioti* of 
tlUUi ftvoup of valor moloeuXoo (^201X1) J^ ao tN»Oft iaontifioA 
at a higlioy frottt«i«ar thaa tho oofroepfuiilac x^e&iag i»o4lo 
lod »o to feoliovo tiiat tho B» ^oadlfit aoooelAtod witH H^OXtt 
la oirt of fXano %A thoaa t«o oslto. Oa tlM tmaia of H M 
aaeiipaesaata »aAe for Hl^raler^r f^iia^^ i& tli la r*gloe» tho 
roa«dai^ t«o Alitor r.ol«ovtloc* i*o* H^ C^ I it K^ OXX I B thooa 
ml t« ( i i i * 4b ^«>) e«i»s to bo iawpXmie K* boniod* 
flM iofraroi OfoetrtHt af Kr.a^ » «a3.t roaosliloa eSoeoly 
vitl i tkat of tkM oorrooyoadtof aaaottinai t^tton oaHa* i*o* 
MH l^ia* lA tlM fr«4««n«r rogloa (900«400 oa*^). T^ro aro 
too iiitoAOo hmAm at 809 * 890 oa*^ vitH roi^ootlTO FiffiifX 
45 « 40 «i*^ (faklo 9*9K Tko l&tograto* i»to«oity of tko 
885 mT^ iMuil la ayproolakljr «oro t l^a tlM 890 mT^ Wni 
aaA tlioffoforo tlio fomor %maA liao Woa aaoooiatoi vit l i tlM 
vacfjUif aoto of Ij^ OX ofedlo tlM lattor oao to tko rookta# 
iioio of tlM aaao %t9% of vaior BOIOOBIO. fko lAtoaaltjp of 
koti tlMoo %«iia ia oaiMUMoi ael lov taq^vatttra (•189^0) 
vitlMot «af i i l f t iM t lMir foayootifo yoalttofta (ri«« 9*5) • 
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attt ^ «iMrv»« «t i«Mi tMi^trfttur*. S9v«v«r «t 1«« tMiy** 
rmtur^^ tlMitv i « » •l«iur la i ieat iMi (Pif* 9*3) 9t m ^mwk 
tlMi tvleting aio«» of ^z^t, fHo vo«k feini at 7t^ 9 OM*^ ia tlio 
la oiDOOtfiai of tlUO (KUtt*) Mklt lo OttluMiOoi in Intviuilty 
iip^ro«iftl»ljr ttlottgvitii i t s 9ikit% tomtrAs h l i ^ r frotnonoj 
8id« i&tii t&o o^ootmn 1« rotordioA »t low tosss^orfttui^. riiia 
)>oi»! Iioo bota oaeooiatotf with thm rooidUff sio^ o of BjfOXI oa 
tiMi liaaia of tii« iatoaalt j erltorioa. Tho eoiroapoindtinir 
ita^ tao a^ i t titita atrexif at trooa aa ir«3Jt ma at imt toa* 
paratura. flia tviatioir aoda aaaaoititad vith thia watar 
fsoJiaoitla (HgOXX) ia rmtf aaak aaH appaar at 639 aa* aa 
iiiouMar* oteovii^ a oliift of '^ 9 em tovax^a tha iii#iai* 
fi*aqaaaaar aida of ^ a apaatnai at lov. (•189 c;) taaparatara, 
iAVflikg aai4a t^a baada duo to 30^ ioa (aoa. 9*9«9) a l i i ^ 
h&f alraaAfr baaa i4aatifiaA ia tlULa vagiaa an taa %aaia of 
t lMir iataaaitiaa, thraa iMaida oiaaiTad araaad 940« 400 * 
470 aa * ( i f ) iMra twaa aaaaaiatai vit l i tlM «ag|;iaf» ta ia t * 
iac aai rairtciac aedaa of I^OXU taapaatiiraljr. Aa tha aacf* 
i a t aada IUM laaa aaai#»ai to tiM liifiMir ftataaaogr iMMii 
tluA tiM aafvaapaaiiac aaaltiUi aoia» aa aogr argaa ttet tlM 
1» »aaiiaf aaaaaiala« ait l i S^ OXXZ i a oat af pXoaa. 
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f.53.5 igfl(lW4)giiliift 
fbm liHrKtlottftl. »»#•• of vat«r aol««ttl«a la tlM laff»» 
1 ^ •9««ti'ii« 9f i^ Su* aalt mm aot v t l l wpwrt^tA m i isi%«Mt 
tti eoa^srotf to tliot* o^Mirrt« Im otlior Mats. Tho •^••rv«i 
•pootrwi of tlio mX% in tliia r i^oA « ! • • • ft irooA o^tianioiM 
^anfi* Hovwor* iporfomliii Lorotttniiui i»«ljolft of tho 1M«A 
ooatovr, vo Mimlwi thftt tho luuttdo «! SSOt BIO A 596 «« 
ftro otrongox* Ci^togrstoi Ijitoiioitf) in wmpKtiw9u to tiM 
oomroftiMiiKliim bmdft «t 8|0, 760 ii 970 on ^roofootivolor* 
fliorofofOf tiie fomor throo tmanSo Unvo ^on a l t t l^ toA to 
tteo v f i ^ t i ^ sioa«« of BgOX, S^ l^XZ ft K2diIX moXoeoloo F0«» 
l>oetlYo2|r» vfeoroao tho lat^tr oi&oo to tiio fos^oetivo roe)cln« 
3M»4oo« From tuooo iiatoigaBMttOt t!io H* bontfixig aooooiatoA 
vit l i Hj^I ft Sj^^Il molOGialoo io aoftt lUeoljr ®^t of plaao. 
XJ» tlM Emoft opootftt of m«»» &»^ ft C?ii» »«XtOt tlio iNiado 
SA tfto rogioa 900*400 mT oro nook I A lAtofiftitiei oai 
tftoMforo tlio ft^ovo mmtioMii oritovift ooftaot h9 o^P i^^ A 
fymtf^aijr f*v tftoir ootroot i«oiitlfio«tiott« Bovovort t te 
o%oosnroi iMMkio ft«vo booa AsoifBoA to rooking • vofii^ laft oai 
tviotiiic lilMTfttiOftft of «ifforoftt votor BO1OOIIXOO« ftoHeviac 
tlio oaoljroio ownrloft owl iwt ttw iafMroC opootvo. 
7*^*W tBmmmSKUtmJmmmmMmSlLm 
nMOVOtiool t27»108»209<»81f 2 «• «olX oo ox^oriaoatml. 
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{^ (^SgOj^ J M«pl»x ftpp»Mr ia %hm Tm90 400*200 «• • 
i&fTfK3e90i m&tirm viiiXtt v | &iiNl« i« itifmif^i us ir«ix «« ^muiti 
flit* ^iSKfttfy df tl^ fi e»apX«s lid C^j^  fiMNi, ^ .?) , t l i * iaatttlv* 
V0 no6« BIAS %«e9t^  lafrsrftd aiiti¥« 9&d t ^ a^gomir^olaa of 
v j m* v | (F^^), l/J (T,^), v | Cfgg) ^ ^S C^gJ si©d«« lunr* 
l»««ii 3klft«i (7ii^ X« $«2)« III* tatnllir ij^Mttrio Cv^ ) imA 
m&ttwfw^9tn9 iv%) S%V9tt^i%nii^ ao f^i* fftil ftlmofft at tli« s«s« 
%flm»m»m vi sM» i s isifirAnid metlTVt ttuijr 69%ili« th«r«faF»» 
Aaai&tii«tt«3r«iraaaa C27J aaA ^rmm * Sowi ttBUJt fori/^ a«A« 
ur» 40« * 3M mT^ ifhwr—» for v J tt«4« «!*• 5 ^ * 409 is*^ 
2«opo«tiT«3^ ia %lif i i * oolt. fho oovros^oaiiac •aiuo ^ 
1 ^ owio two willMrs ia tiM Oo* oaU aro 5 ^ * 3^0 mT^ for 
tiMi i/| «•€• ani 591 ft 409 «i*^ fw tko i/^ ao«o» 
Ia th» itaaaa ofootm of Mi* Mtit, «o fc«r* o^oorvoi 
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m wmk h^oA «t 412 «• iA •••h of th9 TT« 22, 2X (aU.! 
ia t i ^ IT k It (Bg* mwMtfy) f9l«ris«tii»i». fhm copr**-
poodiiic b«£ta lit 417 Mi*^  la tli« 1^1 |i«l«rl»fttiOii i s iic»««v«r 
v«x7 0tr«m4E (Fig. 5*5) • ?li««» ^<iaa« iiMV« bnaa aa«iip«i to 
tkio vf » ^ * of til* eoapXos. Tho oeoalatiOA in iatonoity 
of thft hmki jftt 417 m^ in tlio 71 polATixfttioa miigr 1^ ii»4«r« 
stood 0^m to tM oou^liac of i/f tioAo of tiM oo«9lox tritii 
ixoo of tht eoapOiiofito of t^o oytmotrio Aoipiliftr dofontoti^tk 
(1*2) »o&o of tho S0<** ioa mk^^T tlioir r»iiteoA i^tanttiloo. 
fh» oorx*olfttios Cfft^l* 5*2) lMitir««ii Aifforont «jr»»oti7 
ft9«oio« 9f f^«« st&to (f4)t Sit* o;rt)Btt«ti7 (C|) miA tJM 
oi^otoi ^ooo i^ott^ c |^ foi* olX tlto 30^ ** i«MiA ft iiait eoU 
roo«Xt« thftt tho wjfmmtrw Ojpooioo of v | aodo io xvdtaood to 
(2Ay • t»^ «- 2A^ 4* 28^) vlwffvoo tho ooiroopoAding eorrolift-
tioft Cti^lo $«2) for tko V* MOio of ^Mi ootolioarol eon^lox 
loftto to (Ag • Ig) . Ift o i l tlio oo»ttoria« goottotrioo of 
tlio tMit* tiMi Vf ••<• iMi* ^••a ^piit ittto too mmpomtmtm 
^koortoA oorvo^j^ooiiai to tlui v } soio of 8o|* io* (foUIo 
f •7)« Otto of tlw ooMpoaoKtSt aoy Ag* ^f t / | w»i« OiUft tlMVO* 
fo9o ifttovoot « i ^ tiM Ag Ofiioodt of %h9 y^ BOdo iHiior 
voiiiooi i f i i t f y # flUo ooi»lliii • M I U io iMittor oBtorotooA 
Im tOM« of tlw oooyloi aotA^oa vf toj** ioa* oai ootobotrai 
OOi^loaO* t l M t M r t o k o flAOO t l H P W I ^ tHOiV •OOft i f tOt iOA 
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90^9hti9tl •ooriiiifttiea of v»t*)r »oX«<ml«s vii«t««a %li« 
Z£i tlw JIT pol»]*l««tio<i of Mt» «a.%, «% ai01tiQB«l 
mi 
w*9k h^M At 4C$ OK kiui ^wa o1)»*iir«A« Aeoordint to tlui 
f i t t o r srottp mktXfBimp hmnn^w, oaljr oa« iimd i« •Ji|Mi«t«i 
t0 iNi o^Mrma e9VT99p9taim td t i l * ^f soi« la ««9li of th* 
A^« «ii4 Bg« ^rM»«tri««, fli«i«f9r*» tia.9 ftlditioaul "im&A 
m^ oerr«tpeii& td m eea^iiifttiwi IBO«« Ci^ J '*' ^|)« ^ ^ 
»Mig»««tit« of tht ^wds i a tUff iensisa •^^••tra of Coo salt 
iiKVt %«f A m«io oa wort or l«o« tho fflailiir V9tm&miMg a« 
fi«eooiiitoa vitit tlui m * mCLt «nd btnro tMoa toiMili^od ia 
TfttiXo 9«8, 
9»5.(.3 1/^ »oaf 
Xa tlM lafrovoi «^ootv« of i l « «MI 0»* «iat«» thoro 
• M %«• towai Iwai pvofiloa ( r i « . $«4} oaatnat a^ 410 it 
5i9 <• M i 401 * 949 mT^ rocyaotivoljr* fiio fofiMr toiuid 
yvafila lo ooafaraeiiToljr taraaiar ia aaik ooao vi tb tlia 
• laor iai iaai iaa wt tlwroa kaaia at 420* 410 * 40f mT oal 
412* 40f * 9ft mT^ ia tiM vaayaativa vpaatra of H i * M i 
Go* aalta* T IM Xattar iMuii pfaf&lo* iMwavoVf olMva a 
aliaac iMMi at 9i9 ta aoaomwaloA Iqf a ilMniJyiar at 972 
« ia tiM i i * oait vlMTtaa t te ooCToayoaiiag teaia ia t M 
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C»» Mat l i « at 54$ * 5fS mT^ y#»»«««iT«ly« All. %1a»m 
lw««tifl# tim ^hmrwA m&mrm%ioia» 35 l^  fO «• %!(%«••» ttm 
—mtimm of two ^arowA baaft {ixofil«s l a tim rowpmitlwo XK 
•9««tra of ^ i * waA 09* ta l is turt t99 Ijupg* %o ne«oimt for 
Vm i»««r<»m<»l«etiiftr i^upiiag, Xf %h«Mi hmniim wro #»• to tlui 
^rtsofioo 9f tuo attforotti tjrpt* of oc»iplo»io CM*CB20) i^ 
fof* N" «• Ai H Co* thm a l l ttw rosMiatac setimi V| • ^|» v j 
41VI tatonoal. soios of tlM eoiiflox oiioitM also oiiiiliit oaoii 
•footnil fottova. iio ial ieetios of mioii foAturoo iwa 1>«OA 
iotoetod ia t i l * hma&o d«o to ot&or podoo of tlm etm^los* 
Bifowa & Eooo CfSSJ fttttdgiioft th« ^mAm oli«tfvo4 ot 415 t»i»d 
409 Ml la tlM voopootlvo XR ofootim of ^ i agaA Q9*» »mlto 
to tlMi ^ l moAm of tho ooaplox* 71^^ mlm roportoi » s^oA 
at 564 ami M5 « i ia tbo vooi^otlvo iafvara4 apootra of 
i t i * aoA Oo« oaXta aoi oa tHo baolo of tHair aortal oooi^i*' 
aalo aaaXjraiat tliajr aaaifaoA ^ « M orvoafooaal^ to i/f aoAo. 
0ia«o ^1 i » Xft forlUdioA aaA aotiTo i a ^wmm. oaairt tltovo-
foro tko ^aaio o^oorro4 at 57t * 56$ mT^ aai 556 * 54$ «a*^ 
la ttm roofootl^o Xft ^ootta of i l l * aai Co* aalto ia t t e 
9f«ooat ioNro^licatloA mmM M t ^ a«aooiato« vit l i tlio ^ | 
aoio* Xt hm alxool^ HOOA l i o a i i f i o i &m tlM %a«aa opootim 
vitii aoaa firo««oa«So« of 415 A 41t «• i a tito foo^ootivo 
Ag* aai Bg* iywMtyioo of i l * oaXt aatt at 400 * 401 oa*^ 
la tiiooo of 09^ oalt vo«po«tlToly« flM %§•!• at oaA a low 
2B1 
fefyoAs Ao Bot ftUov us to «ltfi%iit« tUts to tlM mltij^luMiMi 
pt^ooMos («v«rtoo« or ooaililafttloft «o4«o) • fhm Miljr 90Mii<-
b U l t y le «fa*t tbo feftiitfo At :i7? & ?i5 «i*^ I A tfito hl^ OAlt 
(wa At 3158 ft 345 Oi*^ iMk %h9 €0« mXt »ar ^•X9a$ to EO^ K^ 
Jjittieo YllKrRtliHaii^ itodo. f i l ls i s alio flal»0taatlatoA tnm 
tito iafrsroA study of Boajsonrs ot sJl 12541 soio on £2^4* 
ITho •a.tox'iiAti'ro sssigniiosit of IMHAS sppoariaf as idM«XAovs 
Hi 57s iii 55B OR i3& ttm vss^ootlTs ssits mm^f ^ Aut to tlw 
egmbJUikatiais iu^ 't* t^|) noAs of tht eosplsx* 
£1^  t ^ TO<m tflBp«r«t%upo iikfrvroA s>ieetf«» of Ka** s»lt , 
thors ftr« t m vslX ooparstoA %«BAS at 5A0 Ifc 5?0 SB irtiidi 
g;«t oal&w&oofl i s iatottsitjr in low t«ni>orst%iys sttiA|r (Fig* 
5.5) ssA s99o«r st 3A5 & 5 ^ os * iHispootlvolar* FoIXovlse 
our prwioiis Also«ssio&» «• hmvm sttrilNitoA thMi ros90«t« 
ivolf to tlM v^ sMl KOj*! %nA«iag YilHrotiott. fhm ZA 
«^o«tv«Bi of Os* sslt «iffovs fros mH thi$ vossislsf ( i i * » 
Oo* or lls») sslts ssAor Aissussios ia tSo rogios of ^S 
soAo of t M sosi9l«s« ffiwrs i^poors s IHPOSA a^sA profils 
oo«9nsia< of tSroo sol i rosolvsA ¥soAs st 390t 580 * 5Ai 
« i sHioli ssjr ttsssbifssssly H sttri^stoA to tlMi y^ 
of C0s(B^0)|3^ oosylos* 
2S2 
wunvtamm ITII for IE aotlT« tvipljr i«cti i«r«l*^2 sod* ! ! • 
iiroitiiA 294 Mfl ?9I w*^ r««9«etiv«]^ t9w i i » •&« Ott« sftXtc* 
Brmm, it mm {188i olUMirvtd i t me^mA 26i» ^6t» ^iil miA 
814 Oi**^ l A t i l * f «S | l««« iT« m 90W%r9L o f 1 1 * , G o * * ^ a » «AA 
On* tHuXtd mm mtrtrng %iiia«« The i£ifrar«i mpmmtvm of ^ « « i 
•alto ia tMo vglmm^ «o ol»toiiiod I A tlio proootit invootlco* 
tloitt d i f for o l l i ^ l j r froK tho oorXior rojM>rtod omoo» ¥o 
mi 
imw olioorvoi too T017 otr^of Hmdo ct ^33 ft ?24 ooi oaA 
2(7 ft S^ S on* ooa tluroo tHwio {»f soAiuB iatoaoltioo ot 262, 
^45 A 255 «i*^ itt tlio roog»<itivo s,300tm of Kia-, fio- aisa Co* 
ooXto (Fic« $»4)* ?%o oonmopooilSim lioa^o in tlio iafroroA 
OFOOtnw of MX» ooit hmm mppmrnrm^ ao otvone )>««i^ » at StO 
ft 295 OK oiofiis witti ft iroair ImM ot 2(? w « ?tiooo lim4o 
iurro Iwoa oooigooi te tlio ongiiXtr fiofomotioii (z^J) modo of 
tlM ooM l^ox (fi^loo 9*9 to $•#)• 
flMto io 00*0 Niliic«iti]r» feovooort in tbo oooi#UMiito 
of KOBOR ootiTo^l tmA ^1 aoAoo in t M proooat oooo* t l i i f 
opootmu fbo vo^ootioo ooofKlot TilHrotioiioX fivotooaoioo 
of ^{ A i^ S a«4oo ciiroA t f BvoMi * loo* CIMJ oro of««a4 289 
4 184 OB*S 248 * 209 « i * S 279 « 242 Oi*^ onA 299 4 179 
263 
mk v«^^otiv*l|r for HI.** 0»»» Bm^ A On* •«].%•• AiuHitlMb* 
avrafwaitt (27 J IdwtifitA th«M iNudi for Itl* ana €9^ MIX%« 
«!i%tt&ii«|[ Ml •aplri«al Twlfttt i^i ocMw^etiac ^f § >f ^ ^i m6ti% 
tjf9^m9l*9i pi • 2/$(j/| * v|) for t]i« otttalKitfrwt mmpl^z. 
AxuHwrmm C511 oplnti tlmt for imeii eoiijiJloBOOt tlio ngnuMtrltt 
«trotelkiiig v^ nodo vi21 l|o v«»k ii^  latfi»ioity ia oi»if iiriiott 
to « ^ tsmgiKlttr doforiitfttioii vt »oA«» f^tkoaoto t4S I liolAs 
oppoalto vloir for tli® oano^ i»e» Z'C}^ ^^  7 Z*C e^) ifhoro V 
roforo to &»t«i»it3r« 
eoaii@«rtii« tko foot tluit t ^ strotobl^ff {up %oio» 
V012M ^ of lii^or fro<|ti9aei#s thim tHo i^ sifoliup ^ofomotio^ 
ivi) s)oAo» iro tm^n oiHiigiiod tiio iMosiis ifith soon froataoaoioo 
of 2S4 OB ikg* i^fmmwtwf\ w&i 2Q6 mT (i^» Wfrnm^rf} to 
tho VJ AOtfo ooA thooo 8t 256 * 24© 0.-^ <A -^ iqr»»«tf3r} ^ 
2$2 ft 239 M'*'^  (»|^* ^miotfy) to ^ o ^1 »odo in tiio Ml* 
oolt* fiM eorroopoikiAiaf ^wmAm lunro IIOMI o%o«nro< vitli nooa 
fvoqiMftoioo of 279 mT^ (Ag* oyMwtry) ana 202 mT^ (Bg* 
or—i»fy> for ^2 '>^* MiA 240 * 2tS OB*^  ( 4 ^ wgrnrntitwi) mA 
239 A 219 IB (1-* oi—ttfir) for^J »o4o ift tlM ioauHi 
o»o«tm of Co* oolt* flM WaAo oWoorvo* «l 290 ft 2M mT^ 
ooi 29i iB IMMTO iooB oooooioitoi vitli tho roi^ootivo 2^2 
OBi v | B040B tB tftO BAffOlBTiSOi ROBBO mfitl^JNm iWl§» 9*7) 
Of Ott- ooM* Zt lo to ^ aotoA tiuit tbo teaAo telAii«iai 
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to %]M» 1/2 B ^ * M^ W9ik ift ia%«tt«it]r I j i tMiyarlMm to t lMM 
%«XMC&IIC to tiM 1^ 1 soAo is tlM op^vtvo of fkto aliov* »«»» 
tioaoA tuttoa mlto* ftnui our olMMirv«tios« oorro%or«io 
AMlorMB*« C9t} rowatt w^w tlio iAtottiitiov o^ tl3««« ««#•• 
ia tlM prooofit ooM r«t!i«r titoa that of iiolUMOto 1431 * I t 
»oy te «&aoa iioro tiiot our ftooiiiisoata Mitiof^ tiso oapiyi*-
oal rolntloa i/£ « ^/3iv^ «-1 |^) i^von Iqr Aaoatltoaorofoiioiii 
ftio z/J aodo lo forM^iOtt in t^o iafrarod fto v«3Jl a« 
ia tHo t«Mn oi^ ootiw uador porfoet ttfwffiotyjr (0||) of tlio 
oos^Xtz* Hd««¥OPt ^^ ^a* %««oso aotlTO ilk lufroroA (Ta^2« 
$«2) tfwi to Xoworiaf of iqpaawtxy of tho ecmpXox in tho pvo* 
Mat eaoo. Thoroforo tMo MOdo« i f i t ttppoioro at sJUt la 
tlio XI ofKietvot oliouli iNi of vory vook intonoltar* Browi it 
Hooo C18SJ liovo olMMivToA i t «t ^ 1?4 itti 1 H mT^ I A t te 
iftfvaroA opootm of H i * onA Co* ooXt* vos^ootiToljr* 1^«ii* 
—lo^lKloi ^iNPfttiomal fto4«ioa«i«» for tMio aoio in t te 
f««»««tiiPO i i * 9 0o*,ll»» oa« 0«» ooXto OPO 1t7» f 99* 112 * 
119 « i • AiMitaMVfOMMi** {27 J eoB9«t«toi fvo«m«iOio« 
for ti i i« aoio Uo «t 1)4 M A 147 mT^ roiQiootivoly fmw l i » 
OBi Co* oolto, ASMMiac o«r oMiiMMato for « M V { aoio ia 
tlw loaoA opootro of t i « Ijnrooticotoi oolto («i»» Oo» ooi 
e»») to W oovroot* tko ooopmtoi frotnonor froii «io rola» 
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Ml • i t t t iA %ia.« MgiOtt* • l l « V a a l l A t t & M » « « • • ttf tlMi 
•l>9««r« tlittmfdfv i t la tfiffi«ttlt %s> ia«»«ify %h« feaoida 
i«t« to ^ 1 m9A9 imam i^gaottaXf !» tli« fvaMMit alufty* 
^^ •^7 m i r n l WfIff ig§,tt 
sM •Harp l^ insilB la tlui Rmam ai»«etx« of K i * a ^ Oo- aalta* 
ftm lutrmtmii apaotrtw of aftoii of t^a aitlta uafiar lovaatl* 
gfttlQtt ia Silm rtry n^M in t M a W9$XQI^ 1^ tha eattaa that 
I t eoatalaa e^mea dtit to t ^ ts^malatsfiT ^^^•* <^ l^ t^ S^^* 
fe rii**CS2^1^ i^^ % M* « itl» Co ani tlia U l rn ta t r i^ Q««« a* soj* 
iOB. 
Xt twa baoft £»o&At»a out aavllar that tha rotatorf 
aadaa af 80J* ioa (aaa. 1.19) a£i4 ^ " ( f t j O ) ^ ! ^ oanflax 
(aaa« 1*1i} ara forMtf^laa in Haaai& and iafrarad tmdar tualr 
raapaativa aaAiatartatf f^ * 0|^  iqrsiaatriaa* Birt Ana to 
laaarlac of tl iair aita •faaatriaa to C^ aoA e|^  paapaotlvalaTt 
tlM li^ri^afy aadaa af tlM aMiyXas kava baaaaa aattva ia tiM 
Kaaaa apaatra aa l j abai'aaa tboaa of WH^*" iaa ia tlia Haaaa 
aa vaU aa is tlia iafvara* ai^aatva aia«l.taaao«ai]r (Ta^^ 
S.2)» iaauBittc «iiat tlMva ia ae aixiag of tha traaalatioaa 
26S 
of &j|^  »oI«eta«« nAaeh t»lX m% i^ rotuoiieiws M^lior than ?©0 
I I I tlM ikbfloae* of sear 9rodiir$i0ftO mi^mt %hm i>a»itioiio 
• f Xikr*tosy m& %tP9mml»%&Vf nodoo of i i f foroat malts viiioli 
MTO %ftOotf oa tJMi oolonlatioAOf uoliic tlio voU. ]»«iai tiioo* 
Hoo of BolfOt &off»*voK icmoa or r.e« Kotflx fotBulotiott* 
•oi oloo <mo to t]io look of Aolo roiMrtfiat tlw t«i9omit«9o 
A^oaioaoo of tlio laniOf wo Horo ttooA tlio olaplo o n t o r i i ^ 
tliot tlio troooUitovf aoioo oro otroacl^r ««• • AofMiiSottt 
ifia.lo tlio iwtotofjr ooio* on Vm oonttovft oro looo ««^»io«l 
no tl io OOl^lOS lO O iMMff ttUIOl*llOlOOOlO» I t O trOOO"' 
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iMMQWf • • viXl Ml libratofy ii<NI«8 mt9 l i lMly to tnXX %#y»BA 
%hm m^9tmt raat* A^ O W ai«^9»al« fti*ip*fdi«» only %h9 
tvmutXmtQTf gioi«» ttf K,^  mA 80^* iottt AlAogvltH t2^ « ll^ pft«» 
toty «od«« df t i l * l»t t«r wtJl f a l l la tli« rm$ioA 300*90 • • • 
< . It i. ..,.„«, ». ««.«^ t^ ««,«^ r»,o„ 
i t i s •Xf«et9d tiiftt th* traiiffisitdry oioi«9 «r« ««ftic in ^MBMI 
i ^2« tliA liliratdxy isso4t»« dn tM« 0tlit3^ li<»ii« mm ftti^agmr 
i£i t i ^ iis^ta mk& ^msik in th« i&rr&r«S n^oetrs, proTi^nd tbtjr 
ar* Aotiir* ia tet^ l i antf Eaman* nmf«w9rt nine* tm i ibm^ 
tos r^ ^9tf«« d^ 30| ion mrm sai9%r«a tltrott^ fUte iif!B:^ .€stxy» 
%bm^ a«y ft|»p««r irlt& ir«rjr vtslc iat«a«itlP ul i i i * th# triui0» 
i«t9iry aoAtSt^vliloli ftr* sti^ivft in tl^tl^ M »rA ¥,imwm, v lX I 
!»• stroaiE e9»9«raitiv»2y. 
5.1.7.t 
eat«r«ir« A ^iAiy 11591 lui4l i««iitifi«< t l i * hmoAB 
tittmwwU «l 100, f U , 128 * 18t Mi*^ la tb« iaf lPM^ MEWI 
•»««tf« •! hl^m^^M^O AIM to th« l itawtoi^ «d««« of 
»^  Xmk* tm %im ittfmopoi spootnta of 1^80^ tl^oo aodo* 
liMflro b9mk MWMifttot vit i i «bo ^oaAo «t 88« 109 * 122 mT^ 
%f frtrrtmrtil ot • ! C t l i l . T IM Wttia elMorvo4 ot 70* 117, 
« 194 mT^t 80, 114 A 149 • » • % 84, 97 * 140 «ii*% 79, 89, 
268 
119 A 178 OB ift tlM iHi«9«««iT« iaSwmrmA si^ttfft •£ lii*» 
C^-t Ma* A QM^ ««at« in tiM ^vtMAt ia;v«««icftti9» sv* ••rjr 
m§k i& ia««a^ty. fo3Ll«iriUc; 04»t«9fofA 4t l itoiv (8?f} i * l 
T«lEaliftgbi • ! a l tt1€2 and %to o^MiraA iA%Mt»iti«« of lAoitit 
Ulimtoiy noi«« of SO^  i«a« Tli* wiMft lilir»tioiEiia fraquwi* 
el«a of so|* i«a in %tMm •nXts iir» imspsetivalr 1t4, t15» 
114 ft 114 Oi « ?1UI« fdiows t^ftt tii«y Mr« fti»o«l eoji«t«sl 
i!m6 do not doj^ taiA aa tiia ««•« of tiio JsmtmX ofttl^i (M*>* i t 
mw^ sloo ^ poi&todl out horo ttiat tlie »OIHI Mln*ftti«i«l. 
i1niqu«&eioo of BO^  ion ii& thm mmxmtmk tuttoa imlto «• 
woll a« i i i ttxo 8ixi^ 3.« isotiiX auXfMato (fa^Xo S»1^) ftp* aXoo 
i|Uito oXoM to tbo ftl>«nr« ooit v«aiioo« TMo glvoo »O«MI 
oiPOdltilXXiti' to tho xaoatiflOiitioa saA aaoiffaaonta of 
Xiliratory modoo of SOj loa la titooo oiNiOtffa* l a thm namm. 
2m 
epootra (Fig. 9*$) of HX* oaltt tho Xibratoty aoAoa of iO^ 
*1 loa avo otoorroA vitl i noalc iatoaaltioa at 198 * S9 oa t 
140, 100 ft 75 «a*S 164, 192 ft 100 «a*S l i f t , 140, 102 ft 
i9 mT^t 1«2 ft ^02 mT^ aaft 140, 102 ft 79 mT^ i a tiM HC, 
TT, ZS, ftX (aXX ^Xonfiac to A^* agraaotfy), ST aa4 TX (B^* 
aiaaitiy) FoXariaat&oao voapootiToXar* fk9 oorro^^aiiai 
baaia ia tho Oo* aaXt (Fif* 9*() lunro %ooa ohaofvoi at 109 
ft 87 « i * \ W ft M «i*S 100 ft 89 «i*S 100 «i*'S 109 ft 90 
« i * S 109 ft 80 «a*^ ia tfto roapootivo XX, TT, iX, 2X (Xg« 
i i a a i t i y ) , IT aa4 TX ( 1 ^ * oyaaatiy) ^aXariaatioaa, TIMI 
2S-9 
mi 
Cii» tftlt )isT« %«#a ft»toeiat«« «l%h t l i * ^.i^ratovy noA* of 
5.3.7»af 
fh% isktTmx'^^ dp^etm of i.«l-9 09** Ra» i ^ Ci^ • • I t s 
mi 
m% 120, <I0, 75 * iS «•*% f28, W , 70 * M m^S 130, I fO, 
lOf 110 & €0 on 9£>i 9i^  « i * r»(iIMi«tiv«ly« ?h« iiit«tt«it]r 
of the»# bftxiis alleir «« to ftooeelftto ttioit with tho tnuia* 
2* Imtofjr %oa«8 of iO^ iott* 7bo i^oatlftofttiom of tli«M 
bnallo sr» furt&«f» oubntiiitlfttoa liy d s l l a r i i t^ l9« C@9« 15$, 
2171 o«moa out Qa %1m Qtlmw onXto ttuvixis 3C^ *^* ioa no OIM 
of thmtr poljfftteodLo eoaotittto^to* Movoovor, thooo iiooiga^ 
•onto for tlM froaolatofy nodoo oro imppwffi ^ tho oxi>«e* 
to4 MtfiiBol doeroooo in %h» sowi troaoiolloiioi froqiutAeioo 
of 80^ too with %hm totol SMIOO of tho iMiloooloo, E^H^COO l^j* 
M^O* niO MiOt «O9«lAOft0y of tlMOO llOOiO hM» iMOft OOllfifVOi 
fr«M oiur oWNMnrolioBO on oorvoofiooiioc tramiotlottol fro* 
(iB^)2ll*(flO^)2*tt2^ ""^ Oloflo ool i^too K**!^ *^^ ^^^ ao 
%M r ^ i o f « i t . 
5.3.7.5 "** 
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1% 19 d««lr«d to otoAy thft eff«ot of eatio&a o& vmrious 
ftaadaiBOtttaX group frottt«iieio« of diff«roiit poljpatoalo grasps 
in ttio l»^4*ttl«4 ningXt motal nttXphatoBt I<*^^^*BS^O auA btia«» 
tiydrst«d doablo maplmtos, B^ K^C804)2.^ KgO (^' » iffilA'*') 
E^  « liiy eo» Mik» Ca ^  ?•) genevfilly knoim as tuttoa saitSi 
in ^so 4000*90 OB rogloii. 
Hiaoe the wator of oxystaUi^ation Ms m »^ c?ei©l z^lo 
to pl«3r iii mnleiag tho liydratos stable, aa tmaoratm^JUig of 
i t s 24bratofy aotione i s slso of irlt«il tstysTtnaae* h sutni^ f 
of iibrstioi&al moilos of «rat«r i s pstrtiotiX^urly U6@f^  for 
iffTslopiiig s sr*t*B&tio uadsrstsudizig of tbs lUiture of 
librstioDsl foros fisld in ths eirystal hy^ratss beeauss 
tbsss sfldts pvoviAs a Isrgs mmbsr of controlled sAViron* 
asnts la t o n s of erystaX stmetarot aaabsr of vatsr sola* 
oalas P9W aait eall« straactb of l»booAat aatal ooordiiaati^a 
ata* Karaoirar, Ubratioaal fraquaaeiaa of vatar ^timvwJLXf 
oooar at auab bi^ar vara aaabani than tba otbar lattiea 
fraquaaaiaa* fbarafora* tbay ara obaarrabla ia aidaia XE 
iastmaaats vitbaat usa of tba aaraaea taebaolo«y iavolvaA 
ia far la iaatraaaatatioa* Halifea tba iataraal raodaa* tba 
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Ubyfttloosl ttodt* of v»t«r ask* sisoif ieaat ooatrllmtioB* 
to tlM thtmoafiiMiio proptrtioo of tho evyololo l^ytl, phmm 
traaoitioao aoA in tlio ovtlvuitioa of ordor 9or«ai««o]*o (190t 
2?@«»a40J* &«aorttX27 tiM» JUlbratioiaol mo6oo i^o» itp laiPeo 
irorifttiouo ia froquottojr, Intoaoity fiiad hiOlf vUtli on lovdvini; 
tim mraplo ttmptvmtwt; ?hty «arOf tliovofdrot ofuv iastru* 
meats la dotoetlog flifts« tratutiLtloo in mieh 8jr«t«Hi« 
fl&o lattieo iriteamtim&fil frocfuoneioo o^sovvod ij& IE w»iA 
u8iiia» apeotam ov iA noutroii aeattoxlit^ tx^riamXm regretm&t 
tlio most laportsxit ^&y of ojrpoxlmofital diilft fdr tho study 
of dynsniosl bslUKirlour of the molsoular oxystsls* This losAs 
to ft precies ®^ ^.etaHed iaforisfitlozi about tM Ititsr^moXo* 
ooliir potontials @a€ aXso &l»out ths eoops^ratlvo Siotioas of 
tlis molsouXss in ths mlXA phass, drtm^ thsorttloal mxml^slm 
Ittnrs liroved to b« Ttf^ ussful isi ths i>90|>sr ii®a.tifle«ttO£ii 
of vsx*iotts aotfss iMtlaagXm to diffsfsttt igymmtvy spaoiss of 
ths ofystsi spsss gtomp muS to diffsrsat ato»ie/poljr«tottle 
groups of ths orystsls* 
6*2*1 Osnsysl 
k dstsllsd sasljrsls of ths ZR spsstro of M^ SO^ .&Hj^  
has tosss prsssBtsd in ths r s^s 4000*90 tm • fhs iufrsrsd 
SBA polsrissd ftsMtt spsstrs of M2K*'(SO^ )2*CH20 hsvs hssa 
vsportsA* Ths 4s«tsrstsi saA lov tsnpsrstsrs stuAlss of 
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aom of tutm salts liinrs slso %—A psrfonsstf* Tlis si>setna. 
festurss ss sffsetsA bf isotoyio sa1)stitiitioa» hydroftsn bond* 
lag and eoordlaatloa of vmtar aoXscmXos vitli mstsl oations 
are SisoaiHisd In tim M^t of Jmmm mtytttMl stntetuvs exiA 
group tbsorstleal analysis* 
2hs sffsof of Itttsr** aad latra* molsetilar o^mpXioB tN»t«-
westk H^ O^ S^ j^ t SO^ ^^ fiO^ *^  eto art! •Jciealasd using .aolarl^sd 
lamaik aad IK stadias. 71i« posslblHtias of th9 oorrsXatlea 
flaM spUttliig have trntm dlseu«(sed %tk various cases* Uwvm-
m l &mf assliemseiits hwm Im^u proposed 1& the l i ^ t of the 
observed data for the luteroal aM. extemml :^ ode8 of various 
OPOupBt l*e* HgO, SD^ *» M J , i%"(HgO)g3 ID the ciystals. 
h mmlimr of ineoaaistenelts iii^ aasssulies foxmf^ in the 
literature have htf;» disouestei «»€ an attmsiit hut 'b<»eii i!}«ide 
to sort thea out on the haals of the prea^it ol»R««rratloiis* 
The Ideatlfleatlon of beads due to aatl*efisiaetne {^S) 
graphloaUy laequlveleot vater aoXseules has beea aade la 
the lafrered e^eetra of the salts uader lavestli^atloa. This 
has beea aade peaelble after deeeavolutlae the broad aad 
overlapped beads aeaually la Loreatslaa shaped baade. 
Vlth the help of the preeeat aeslfiBaeate« hydrofea-boad 
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Iwogtlia ( ^o«H>'-'0'^ ) «a9ot}lat«d with » j^ axiiicm^ Udr «»t«r 
iM>l««ttX» h«v bmmu o»tiEiet«! throui^ tiie moiiotoaio mttptrlcal 
B«d«rbola (207^. 
Cl«v*» r«latloii dSBi* teottc the thr«i« osrotftUogvaphioaUjr 
ia«Qaivftl«iit groups of v@t«r i!Hil«otili»« la tliD hexaiisrAratod 
ffintonium <loa))X9 saXphatost i t ha« t>e«A iaforrtd tSiat H^ aZXX 
i s egrmffiotrio in e l l of thmai H^OZX i s 8:r^r»strie to m gooil 
»|).}X x^it!tflttioa iu tlUB E^ACo»t i^ i^ FSf 4JHJ^» I^  i»K<Ca«> scats 
vlieTsas H^OX i s S9iim@t3^ io In tlis isiT.Fs* si?lt (mly« 
Th« liattds ^loni^;ii^: t:t ths V2 lMiii@ii3«p ^0^9 Of wator 
tsolseulss ar« qtiits vea3c a^  broad for ths eoordi»sitfid (to 
tlis mstsl aton) vhsroas the oorrssjion^iiig o&es urs strong 
mk6 skBTTom for the tmeoordii^ sttNl nator mol«eulss« ?hs sharp 
spsetral f«fttur«s of tha hetad bslooi^ng to this (^2) soAs 
in ths infrsrsd spsotma of aUJQw^ salt sttM«*ts that ths 
six vstsr aolssttlss srs vsskljr eonplsA to the s s t s l ntoa 
(DX) in this Sftlt. 
7h9 sxistsnss of tho rookloff* voggimg A tviotiiic lib* 
rstioBs sf tfiffsrsnt vstsr aolseulss in thsss salts has h««a 
estshUshsA fros thsir IR A RMSS sjisetrs and thsir pvopsr 
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id»atifieaitiOA hsv* tetii »««•, folloviiis fli« tatAnaltjr er&-
t«ri«ft of nijtmmim C841. BR«»<I on ahm fmdt that for in-
l i t at klghtr f]r««iu«iiel«« tUftii tli« oorrtspoxuSlxig vfigglae 
mod««« v« hav« iufsrrta titat tli« H^OTZ t Hg^^^ ^' BiSO *^ 
TB^ Of B20XZ£ of m^t^^^ mu, K0o» ft KICa* m& H^OZ of KHa* 
& ECtt« aiilts art oat of plmm H*bQiiA«a« 
Bas«a oa tha ovitarioa thnt atron^r i s thfi ij«*%>oaSia(g 
greatar idlll fc© tlia euxraapoMlag XitjratlfMal fr«iq\i«ael«a 
of imtor i^olaaulaa, i t Sma beta 98ttoat«€ ttA% thm ^rva^h 
of tlia t^n-^s^aa^boMi^ la tlia waalctat ti:i tHa FaE>^ .7HgO« 
^*^*4 S,illfHI§|'i,,lrilUff ^ f g 
Goaplata iaaat&fleaticia m& aaaliii^eata itx*e £^ iv»a for 
tha aattaraal aodaa (traaalatoxy A libratovy) of HjO, 30^ » 
Hit gxoapa eoaaldariag thair fsraqataaiaa muA iataaaiti«a« 
It haa h—n aatablialiaA that tha Xlbratoi7 K:^ aa of a parti* 
ottlar aait ara iadapaadaat of tlia aaaa of tha aaXaaala 
vharaaa tba traaalatavf aa<laa ara aaaa tfapaatSaat. 
<.2.f ^iftoFt^?^ ^ flyaiff^riff lyf ayiaaiOar ffro^ff 
fba praaaaaa of ZR/or Raaaa forbiddaa baaAa aad aplltt* 
iac of dagaaarata ao4aa ia tha raapaotira apaatra of tlM 
aalta lad aa to ooaeluda that tha fraa atata T ,^ 62^ aad Q^ 
ayaaatriao of 80^ *» ^2^ u i aatal»aiaa eaaplas (M'CHjO)^ ! 
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Qt S02 loa froffi i t s t«trali94r«iX (7^ .^  w^fmamtry in gmatvwft 
ill tht OoHI^ .THgO niwma* in tli« doul^ lA aalphat«9» i t i« 
grefttost in tb« liH^ Mii* e^lt. fli« angiilar ^istavtion of B3^* 
io& i s , l)Ov«ir«r» th« gr«at«8t in ths «iH^ Ca* salt . 
flia nsao^ tiian ion (JiH )^ i& tlie miaisjiinsi tuttmi wmltn i« 
ml.«o ai«tovtad Iin«ai*3j »m nciSJl «• migalttrlj tTsm i t s |)«7» 
t«et f^  tiymamtr^, 7iM aaguXsi*' distoirtion, Siow«rr«r, B»*mm 
to Iw lOiBoat adgligibls in thm ^ E^IIE* & M^Ott* enltn* 
6.2,6 l a f y * and iat«^> aoXseular eoapliag 
fha apaoti^aoople data on tisa polariaad ,l^ »aii attidy £»f 
«iH i^ii* & iiiE^ Co- aalta ang^^at that the iatar-^olaenlar OOIIIH* 
Hog batwaaa 93^ ions in thaaa t«%i a^ iXta ar« adaparaUla, 
?iMi H^ O-HgO latamolaeaXiur omipllii^ s ia quita waak la tha 
XMi» & KCa* tuttea aalta. Aaoog tlia aioffla aiil9hataa» tba 
iatra»ffiolae«lar aou9llia« ia atvaa«iat ia tha il^^.TBjO* 
TiM ooaparatiTaXjT broadav ai>aetval faaturaa aaaaeiatad 
vith tlia faadaaantal nodaa of flOt ^9a in tha IKa» ealt 
ooggaat that tha foraa fiald of 80^* ion ia aoat aaharaoaia 
ia tha ma* aalt. 
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k MKparatiT* study of tlui Xi2Ui witmp99 and battid wlAt^a 
of thm oliMWod liaafls ft»ooeifit«a «rith aiffomatt modos of 
•Ibratioa of M'^ ion la thm vmriouc oaXts uador otudjr iu»ro 
li@oti eu&<!o {fuxA It 18 euiwliod tii«t tlie H^^ Sii«* oalt diovft 
t&e l^asl aaiuuneonieltjr* 
A QUO to oa« eoMparlsozi bcrturiDtt t^e oorroopoa^&ag baiais 
teol^agiag t0 diffo^exLt lutonstAi !t0tf«ft C^ t^ ^g* ^5 ^ '^^ ^^ 
M J II SOj* loii« r«vt&l8 that %Jm f3roo f l t ia of HHJ Ion lit 
2-, 
sovo eahamoalo thmi BDJ • 
6*S«6 Hyayogta*t>oading 
A BtPO40 t>lsojftiii^ latofaotloa i e fsuo^ to Is® ae^ciatsS 
wltii i«H^  ioa ia a l l tlm hmmtikf^rmteik ammoalim dou1s>l@ Ktsl^lintes. 
fUm latoraetloa is* hmmrmr^ »troagi*ist la th» (^^4)2^!* 
(SO4) 2*^20 oaXt. 
A elo««r look Ijato tho opootral features st^oooliitoA 
vlth tho sodoo of E^^ oAloouloo la ti%« wesoaloBt aaA pate* 
oolm doablo ovilptetoo roroailo th*t tl&o U»1»oadlag lo 
eoiparotlTolir otymmor la tlio K*tuttoa suits . 
^•^•^ i l f f t l 9t tUtiiftM 
(1) fhm lafrsrod spsetrsl foaturss sssoolatod with tbs 
XCia* ss l t i s found to bs ooaslstsatljr dlffortat fivsi thoso 
of otlmr larsstlgstod tuttoa solto (doubls solphatss) as 
vo l ! as slatfls saXphstos as tmr as ths Tlbratloaal fvs^aoa^ 
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. 1 . . « » . « ^ th. « « r „ « t »oa.. , , tH. < i « i . 
eooMratA. TMs f»ot has b««ii •xplftlottf Au* to %h« pt#«> 
s«iie« of tvo typvB of SO^  io i^e In thin maX%* 
(II) ?h9 ulagl* 8ul9luit«» iim6«r atuiy ifttcnr dlistlnirt 
ehsi^'ifi* la tl&eir s^otral fdnt^jros wfoilt eompariug on* r^om 
th« atli«r 1»«o«a88 of ttusir dlffer«sit tajtitfiX ntmeturvi, 
rioubI« 8al^ li&t«a iMlug i«(»»sti*uoturftl« do not oxhlbit saoh 
(III) Tii« ftpootrii (IR & amm) of Ul^ )gK"f!^ 0 )^2»®*2^» 
li» • iii, Co & F« aiM vary aiLailar ia tfe» »p®etrt2 xvgloa 
(4000*50 0© )• t&«p#f3r®t th® efyetaUogrn^Jiie daUat !•©• 
boafi I»xigths» lso»& 8^1«a» •iwl7onm«&t8 a^ di eaordiiifttiott of 
diff«reat groups C«it^ aio a: polymtoalo) la tiD9ii# ojc^sisls 
ar« txpfliotoA to bcr qult« olomi a« !me ti»tt£i fau«£d ta a« th« 
0 B S 9 , 
i$p«etral fe«tujrts of {JUH )^2Hii(30.)2«<^2^ t CltB )^2Ctt-
(30.)2*^2^ oaltt «!>•# lioviiTory distisot nsoair •etoh othor 
ao vaXl «• froB thooo of otlMT t«ttoa oalte* tlilo O^MITS^ 
tioa Mipporto tiio Imomi oryotalloisraplilo 4«l«. 
( I T ) flM ¥•»<• «e«oeiAt«4 with a eoaaoa smUaoular group 
ia th» elBflo «&4 Aoii^la oolphotoa axhililt eXoea aiallarl l jr 
lA tlia poi^tioaa aaA ia%aaaitiaa. 7OF axaapla* ttot toaaAa 
baXOttciiif to th» UKBjO)^] '^ aoaplax lo tba itiaO^.TSjO* 
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ItiSO^.ttj^* {m^)^l{m^)2*^2^ * °^ V i ( ^ 4 ) 2 * t t 2 0 Urn 
• l aod i a t i l t MMW frt4it«»iir 9P«ag« and tl i«ir &ttt«n«itit« 
tmA •sMie'trml f«fttitr«« KT* ftli«o»t •»»•* I t i « tfiM tor 
othiBT MOlMiilmr grdup* A I M . 
(1) fim prtMiim of tvo t:rp«« o^ notaX aquo-eosijpXoxos 
Cfl^ (BgO)g2 » »** » Co« ?• A ea» li«fo l»t«ia fonflraoA i n tM 
foSO^.TSg^* CoSO .^tiR^ t^ 0oS0^«1R20 sod CaSD .^SB^O* 
( i l ) ipoetral foaturoo oba«rrad iXL tho epaetnai of 
HH^Co* «•§» to tit l&ooapatibXt with i t a ex^atallograpliio 
dfi^a* A rt*i£iv88tigatiott of t ^ evyatal atmoturt etudy 
of t i n t aalt liatt t l i tr t fort* litta sta^tttttA* 
( H i ) FiTt oxyatalXosra^Moallf ij:it{iiiiTa2,«at imttv 
aoltealta i& ttit CttS0^.!9l2^ attm to te iii">pla»t tiffirogta 
bOiiAtA ratibtr thaa oat of pXaot 11 I f I* 
( iT) fht iafrartA «aA Raaan aptetra of Xlii*« K0o« ft 
Ufa* aalta rtata^lt elottljr with thm oorvtapoaAioff oata of 
VB^Xi-t JlR^Ot* * XB^lia* aalta rtaptetlTtSor. 71wr»fovt» tiM 
aakaoaa trsratalltcraphit paraattttra of th t potaaaiva tattoa 
aaXta KJH''itO^)2»^J> vr* pi*tdiota4 to bt qaitt aioat to 
tlioaa of tht oorrtapaaAiaf aaaoalaa tattoa aalta. 
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i«3 atMMi»ttoiit fr Wmtnv wortt 
flit 4«iit«rclfd ttiidisa of Mcii snXts At voxloao Qoiio«ftti*A» 
tioa» »• w«ll «• »t iiff^rmA ^rotmt«£« of d^ttoratioii 
««mM finally eoti^jit th« pipoaent z^oaoltv* Th9 onbinnltloo 
itt tilt pvttmit atti^ntt&tt in oar opinion eould IM oirtfo^io 
If dtuttmttd M«9lto wi^tr eoatrolltfl eonditioat eoiald 
lit i^irtpartA* 
Cii) Tilt 8j3tetf«X ftatujfte of tbt bands in tht K^(^s^ 
^^^4^2*^^ at ro^i twtftrattirt (27^c) &m vtrr tta«li dif« 
ftnmt from tlifitt of otiitr iisvtotigatttd tini^It* mi. doulilt 
ottl|)hattt. ^am lov twnptnittirt iafrartd ttuAy 9f %hX» salt 
»oart tl^rtfortt lit (|uitt inttrtstiag* 
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